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^^yic fljjLUI 4*_)jjd,| Llila^JI jjlj^tl Jjjktll (^J^il (—iJjJuJIj <^u*l1I ^iLCliJ 4_aL*JI 4 , rinijJLl ^ 



0-ijlj-a (jyic Lul J Jt_aIL*j (JjoL^dlLo (j-^J - i '^ > ^I J^* 1 - 1 ^ t»"< *§_ ( . - 1 iaj (^J-Jl (j-^J-M \^>-& <oL3 tj^ U-* 1 * JyJ*-"^' 
jJjjlj (J-Ltall! i(_gj-q-LiJI aJl**l*l!I 4_lrtC *_*3.i *|_ LoJuS jlj <a"< i nVI (J-5*l (j-* 3 (j^*"li r«JL*JL) -r \ , nU 4_lL±Ju a^JS (jr^-J 

■ Lg.Li.ua *LaJL*3*UI JjjJI t-fll <^il (JLlj 4111 

*i a J *a*j 1 1 "LjJjjJI <_jjLe*ill *_a Jj ajj 4_uL>ol S alaj. /y_&l_UI j-j^lajj pj -t »-^~«t *LoL*JI ajL^I Cxlaa> Ju9j 
431 Lia-L^a^iJ **<*! ^— i ) (J-a-*Jl (jjj-"-" '***' '"^**' A o^~* *»- ) 4*jjji>. 4_La.L, c_i-JL-ul (jj^J ' ^rHdJ^-^' ?yW *Lb ^r 
ijji^aj II (_p-4J (_£ JJI A-iiLsjJl 4 j<^t,l j_uL«J,l jIJlcI p Jj mi a <4r "J ' <?Jl& CxJ-Lqj JuSj « 431 tlLalLa (_^-^<-I 

(jjj-"-" (_p-«-> ^L "** ttsj>, > (jL>J Jj^~" * '**'**' (jA'- L^jLLi 4r JthJ'-*-*'' - L ^' Lt ^ ij 'SHdJ 1 -*-^' "T^y-r' *' - '- 1 ^r ^j-"-"'-'-"*' 
i^jlII ^jIojlII *J9ljJI x_a "u^JL*JI 4jjjJ| (J^Ijjj da>j tP^JLl s-^j^'j (jr>-<A\ ^-lL<TlU *LaL«JI ** mniji.lj J-a-*J1 

.4_ujjLjjV| 431 ilLali a ^i**l>i ) «|_ 4_ul3|j j <^— >|j « jJ^jiJl ^j i u < Llal Ltalll 

4_l^3L ; L!jjJl_t ( Jl 4_aJisjVl 4_tiSj p ( 11^ (^jjui, Jtj'jJ,' fljJ^ <Jl)Lu-uL-ul 4_JJJjJuJI 4_L;L<L>J| <>Jui (JjLuJJ 

^j-~- L<a£e~il\ IjuJ 4_aj^UI <JllljL^J,l t—lLcuIL^al ^ J^J^~" ' (JjLZi-J 4J^x>- <Jll LC jjJs j^l <Lll**Lll I <Jll Ld^=Ju 4\jjLo^ ; il!lj 
j^i 4JJI jj-^ (J-^l-J ^-^-riJ^-^' * '."'*' &^& '-^-y^y O^ -1 1* ' ^"' Lr^3 7t-4Liil j-Ji^laJj p J a ualll *LoL«Jl ">j|j"2lj 

« LL**L5L*JI £_ya jli>0 1 U . .1 ■ a <_J aLui Ll « "Loj^UI *ijJJ)J L*aJI <JllljL^il (JjJ^S G «|_ J-lllLljO J^— ■ "■ ' p j I "**' (jf (J->-J 

.<JliljL^J,l <>Jl4 ' _il 1 ■"'^— ■' 4_JLa-C <i£. JlJ (jjil (Jl ^~» uiJIj '"'' flJ LkaliJl ' "ul t" ( nVLij 

.^jJl 



^LjfcLJLl ^jjlajj am » ^>" t 4jsL«JI <*jl jVI 




±l$£i jJI^ISjJJuLluLiI jataitHI 






j_& ^ '.l^*** 0J— & 4_<_ulj_i (j_a <— SJuJIj . f— jIj-1,1 ajJ^ CjL i nL-uT 4_Lji>. ( jr -A 4_uJjJlLJI 4_i_uL>JI <jj_& 

p-J (j-aj •£— s 'jil <5J-& p ^— i-»o (jJ-Il (j-ulj-SJI r-liM ( n V I Ji_i^a_> ( ji-C. jl (JjLlu ) *_jljJ,l (j-ialj^ (jr^- <— ^J-*^J1 

ajJ-SJI (J-Sj J_aT<-<j C.._l>- « <LuLa^_uJlj ixJjjjLjtjJI ' " ' I sala-iX! (J J * '"'"j ' J * '**' 4-"-uljJ ^ (j^-^J-^-M oJJt a I JlJt" i u| 

.(JJLl | Uj , ,,j^-i - jLC jl (JjL-U *-jU,l (jyJ-C- '"'' QJ k* *XI 0J-& i^T 

x_j|jJU (j-alj^i. 4_3jj«jo (jl_3 ^LlILij *-jLU . U» ,X j <j»" Jjjjia ( \c ilil aala U, I *|_ ajJuiJI <jJl& (JJLi p^JJ 
I j'^" - " 1 IjLalkll Jt_aIL*J (jjJIj I j**'' ^ tlaJJ 4_lC1_Li^sJI L^dljJ J j J—tjJ I p_L*J (jlajX. j_lL*J I j l^— ' "- ' (jJ-Jl (j"Ulj-2Jlj 
Jljlj .Ujj , ^ tl slj-JI aj-J3 cr-^- UJ ^""J LtA -iLcILcVI (jl_3 < <jl_jjLaj_j_L!l JL?ta £- Lai .4.151 i.n 11 ^j all (^ric 

.<_ij|j-iiaj|j ijjlsjJl (j_a 4-ijiiiJjj <jj| JlC.1 
: 4_uVI Cj'jLji,' (j_a ^L^lJ' <4r < -r 1 J^ L -*^'' v j^~' "t"'J v _,^~ l 1 < -uiL>Jl <5Jl4 Ci^-»Lg JlSJ 

CjLuI" "ijjjj^lt 4 j i iiL-uVl (j-uljJiJI *_a ^—L^DLjJjjJijtjJl (Q-laJ LI 4_uLj_LLaJI (j-alj^JsJI <_3j^*j (jl • 

. cl) LjO Lb _ij j JijtjJ I j 

I j*U A.^>lj ^ JuJlxj x_tlaILijija lLLu ajJ-frJl Cjajj (j-alai. i_3n_*_i (jl 

j-u-Jjil 4- ^LaJLIaJI 4_ jJLaJl <Jlil_iLuu^ *lj^| 

'"'■ '^""■j >J.lj '"'' *''j la * "*' J '"'' se^ia-1,1 jj-aj A^jJt-aj (^Luu-iVI ( . 'J^~y"'^' (J-a^l 4jj_kaj 4^jjljO 

.(jLjj_uJlj ilajt iJaJl *|_ p^~~ LSellll (JliLaLa-i-^ I i aj jj A-l^dljJjjJljlJI 
p^— ■-►" II (jlalj—C^ 4_^LLaJI J all Ja-4 ■■■j'^-- i La j » i ta t, I «.|^^JLI 4j mLiVl (j-alj^JI 4_3jjj0 

, Uj Ltiai, I «.'^4il AJjjj-iiaJI 4_tCj_Lllj 
4_^LLaJ| jj.j^so aj_^>-|j i > Uj » . ^ 1 1 r I j 1 1 j / , ^n -s. > j_Lc L^jLclj_a (_c^>-ljj| (j ii i iiVI 4_3jj«j0 

.ijjLa^jjJI A^LLaJI «§_ p ^— i *»■**' 1 1 aj^j^lj ijjLajjjJI 

jL^=3 "^t jJl! Lu-t-i-uj 4_u2r>JI (jjj (jJjVI <jiiIjl^jJI 4- LjjI j IjLiTo>I Luia^.1 jil Lijf ^II SjjJlII <_ 

. ajLaJJ ^ a j*^ p j j S3 (Jjs <_jjJlLU ^j^— ■ alJJ ^^— 1 1 <Jlil Jl3>jJI f-J-4-»- «§_ "*J^~ '"' J*^ -1 ^ iJlLa^l -• I U <» V 
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4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 
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gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 



jjl$ifi;.L3uUwLJ 



Li^jUjJ! jLuVIj cjIji^jJ! 
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^ 



*& 



^^ 



j,U!* *-""■". 



|>4 U Uiji*» 3^' fr^ 






2(?"u,it,l <jiiIjl3-^JIj Lu-uL-u^I <jiiIjl3-jJI ^yu (Jj^illl (JT JLi Ij-sLs oj^~ >j o' VJ 1 -^' cA^- S- 1 ^ 5 0>I*A*JI 

.(_£J_jJL>o2l a I La i 1 1 j di\ Jl3>jU ^jJlII a Hall | £j\j L*^3 (Jjjj*IL!Ij 
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p fc> ' 1 1 (JL?ta *|_ a) Jiir" i nVl 4_*jLiuJI A^LujJuui) dlLi-ft^a II ' fljLgaJ (^J-JI CJI Jt3-jJlj Julj^LI tcjJs |aj| p g-aJl (j-a 
ajLlC JljlaJlA .<J1iI Jlj»-jJIj JLjljVI /_3eJ-La^a a (j-\_i Ja L>JI aJl^. Ijl>. p-^-ll (j-^J • ^P~3i^li ,d .l'^"~"'.^J?J ^ 'I 

. 4_<-u1jJlJ| Cat>o jj*^~ '**' rjJ-j' *LpLjj_uiJI A zf**^ 3 ' ** ' "**,' i" ' a " O^" 
IjLsljI I j ^'^~ l J.'"'*"' ^ Jl LaJI < ajlj^sJI i^-J-i < 4X.j in II < O-^j-J' ' ^ l"^-.t| / p^5tr>JI i i^LuiXI i JjUtl'a 

. (_£j^>-l 4-JVju JuljVI <>Jl& ^j^» ' (\C j-clCl! I - (JL>J| 4jLjjJaj - ^j^— ■ i 'j . 4-fllliax 

. (j-^j-JI isr^- " A "J ' " ~* " ( Cr^J-L 3 ^ ULJ ' ^' '.I't,! (jr 4 <Lcj_m]|j (JjJaJI f-Jj-a (j^ 4-3-1 i nl,L3 

(JL3 I JyJj • CP-*-"' ^-*- 1 •— *' J A L^^^ jl J^2-a J I p^*->- (VuLjS £- a Jiir" i nj •» I La i -*> a £_yC ajLiC t^r^ a Jl»-jJI Lai 

4_a-Laj| aJl^. l£J1_u4>.j Jlj LaJI Jljlj (Jj/LlSJ <J1iI Jlj>-j I j t^— i jj ^— ■" (JL-ua^Mj dil_p ajJ-i^aJlj aI JusVIj jL*La^M 

A- a JlJt" i n J JljJl>- Al_ksj Jt-ulaj ( - - i ta " 9 I aj_tj>.Vl ( " ' I j a Lali 1 1 (jf VI a JlJt" i n" C-Jlj Laj d-aJiir" < a\ Cj\ Jl>-jJu 

International tuljuxoJJ ^ LaJI J LajJb ^-.u^j (^>UI pi LaiJI JjJlju pj jl2^ 4-JL .pJUJI *Uof j^u^- 

. ^UUI ^^ 2_ (SI(^>jJL ljLaSa.1 ^j^lj System Of Units" 

4_a-La-)VI *— a (J_aL«ILi <_2j_<_u i-uLa^tillj 3 -j^a-Jaji L^JI 4_a-La-)^M (JL^a ^_ L_bLa ijlJj (j- 43 f^J— ^ (jr-^-J 
<Jli I j jjii_U I £- <J1iL_LjjJIj 4_tcLL^s_!l ' " ' I a tto I aJ» I jj— « 'j " ^~» (jV tilJjj aJl_jJlC <-1)Lj! i n I <Jlil Jl^>.j1J 4_c-iJlSJI 
aJij_j>.jja cJlj La ^—uLa^jjJIj ^ »^~*»^J' '-r ^— aiis-iVI (Jl t<i «|_ rij mljjJI ( . - ~^— i llj 4_LaJL«Jlj 4_l1SHJI 
<J1i I Jlj>- jJ I (j-* 3 Urii^*-^' Lr^- *J^-^i' t*^^ £jj ^-— ■**' (jl (j-uj^daJJ J_iV 4_lIc . <Jli I Jl^>- jJJ 4_c-iJlSJI 4 a La ) jl ) 

.(SI(^ ji aLL^ jl u^jiiJi 
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I JljJ <_3j_<_u dll Jlj»-jJI (J_Ji^r>o ajL^jO jjLSj^l « 4_lLoV| <_!j_ti <jr-* *J'-#- a l£' (j>-23«» (jjjJaJI J i^aM jj-^ 

ajJl^ (Jill j ( nL-ul L$-i3 L«J 4 j ( iiJlI^I ajJUJI p La » t (jj/U-uL^a ^ <a g 1 1 ajL^J,' <jjufc (jLSj^l 4_ire_uJ? jUJ I 4JLL0VL1 

: JjVl JLJUI 

m ti *n mz7e - t 

<Jl 60 -, — ^J-" J**- 

sec nr 

lft = 0.3048m ,lmile = 5280ft ,lhr=3600sec 



111 

0.3084 x — = 1 
ft 

5280x^- = l 
mile 

3600x — = 1 
hr 



ijl (j ^—1 <n 4 jq^-"> (_£l (j*-^ ' v a Jl^jJI) Jl^IjJI (_gjl 1 11 J <5J_4 (J_jijj*IL!I <Jli}LoL*-a (\_ a ^M ^~> (jl C^_p>j 
Jj , ^ >, 1 1 *£_j ( _3j_ ( j 1 4_ij^.jJ,I 4^e_u-(JI jjLs 1 A 'j I La 1 , 1 j • f <J1)Ijl3*jJI i_2Jlt>o C^po <Jli^LaL«J,l Ccjjj liLs 



/ rr .mile\ ( \^mile^ 
60 



60- 



hr 



Yft 

0.3048 — 



/' 



5280- 



ft 



miles 



1 /zr 



(60)(0.3048)(5280)f m^ 



3600 



= 26.8 



'ro^ 



Vsecv 



vsec^ 



3600 sec 

A j i iiljjJl ' . .~t^— ■ tl jjjo j_<iL^3 *|_.j 'UujjJlIjJIj 4_l«JL«JI p^uti' (_>^3 £- udL?^*-^' ^^-^ L*-l (Jjl Jl>. /- La »~j 

*tj j ■" J^ 1 - _' o!M-Cl (JLHI £- <L2jj_LaJI aljiir" ml ^j^— qj I -)^— < 
4_^3LjJjjJi_t ( JI 4_«_kaj VI JLta *|_ A I <a t"< i n t,lj Si _JI Al_ksj <Jlil Jl^>-jJ aj_ua_Iiit« 4_sL>-lj_a L_ufc (jr LajLL<-u 
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( M ) JJ* LiJUlJJ (1kg) JO*lj a|j^Vj1i^3 (^jL-uJJ 4±X^3JI flJo*J • 

( 1 ) j^fc Lfcjmjj (lsec) aJl>-Ij 4_uLi (_^jLujjj jj-^j-^' «^*-j * 

3 
( m ) c_uL^=dl jlil <_,_& aj«JI Sjlxjj :^j^JI • 

. (m/sec) ijjlj J^"" 1 1 j"' A L^3l Jl»-JJ O-^j-^I 4 uriitb £al_mXI j-l»J Jjm-a (jr^J :2lCj-uA\ • 
/Jill ajJill aJl>-j J-&J ' (-N) j-ajJL) LJ j_aj_jj NCWtOIl jjJ^jjJLl /_ a < n" ajJiJI a Jl>-jj tajJiJI • 

.(m/seC ) f-fJp 4_uLi J^=J JLxlj jUa LkjIjuLa ^JLslaj Jo*lj a|j^.^L^3 5Jl^=3 <_bt*J 
<Lj_<_uL_u^n JaJLiia II <J1) I Jljs*_o^ 4_lIc .<L3»1 i 11 U aJlj^j <jj-^- *J-^f 4JLi JaJLiiaJI i_2jjij : Jai iJaJI • 

. (N/m ) *_ij_a^ILa/ (j3_a_u (_yA 

.(kg/m ) c-xA^auajix /pij^jij^^ 

. m /Kg 4jJl3-jj J"'^— II a Ji3*_oJ j<sj?tr>JI 4JL) i_2jjijj 2*<aI"^— tl <_j^l2_a j-Aj : ( _ ;r C.j-Lll j«sj?tr»JI • 

. (J) J^-H jl (N.m) jUa . (j3a_u mj-A L^jIjl^jj La Jt mi J-a-*J 4jlxJI (j^&J :4J3LWI • 

. (Watt,W) £i\j}\ Lgj1jo*jj Jiuitl jUol Jjm-a LjJI ^^ u_2jJiJJ :SjJi2Jl • 

£_ I < a gJ La m ^— 1 ^ « I j Lp>. *|_ LJ ( _P3jjlI!| JlIc LjjiJl^-j 4ja ( n~j I j ^jj »**' ^"j 1 11 iliLj a-^=J II ^j^» ' lLSLlA 

: (jj° jj^3 (j-*- 1 4Ja}L*Jl <Lkjj«-aj j_i£=3pJl jjfc x-jIjJ,' ajJlSJ (— 1L4 1 ■■> 1 •■' ^— 1 4_i_uL>Jl <>Jl4 

• Cupl • 
. iU;,Ml • 

- i - 






plaJUY 







. ( ol <J1)I Jl>-j ) <Jlil Jl>-jJu ^jjJl a I la Lll (jp^J <jr~ Lftjii <-— >L>\ i n-»Jlj <J1) LLjjiILJ I «j 



Jlj>-Ij aIj-jv. j_Ll^3 Lfcjl JtJLo (jjil < \~< £ -- 1 11 /yC /J-<-y_5 • a-iLa jjjo r^ i n*»Jl *|_ Lo jl jJLo L^JLi ^ 1"^— ■ ]| (_2jjij 

.(_P3jVI 9rt-»ni JU£. 1 Kpa (^jL-uJ jjj SjJ9 (1 Kg ) 

: (jj^- 1 o_9- 1 '-^ La-da 

a . m = F 

2 1"^— tl ^ic SjjjJLl (jr a> 4-uJjj^I LujL>JI iL*X. jj^— " LaJiic < ( *uJi2Jl ) (JJ^UI dljLx^JI aI lalll ^Jaj 



(JJ- 



^=3 



g . m = F 



m ks.m 

\KPa = \Kg x9.8 - = 9.81^— 

sec sec 



. JT 1 aj^JI (Jj/LlSJ JN jj^jjjJI a Ji3*j aI JiielL-ul fiLiS (ol <Jlil Jl^j ) di\ Jl3*jU ^jjJI a UaJLl I £— Lai 
lm/S ojljuLs Lc.jL.uj 1 Kg LAjljuLa 2\~^-^ (_j| ...£—S 4_aj}UI aj2]| jljuLa 4JL) N (2P_W-<^' *-A>*dL3 



1^ = 1^x14 = 1^ 

5 5 



17rP = 9.81A^ 

lZPa * ION = IdaN oj>52JI £a}UJ1 AjLi*^ LWj 



P=^ 

A 


P = ,U;,Ml 
F = oj2i\ 



_ _ 







KP/cm ^yA ,U;,^ti (jj/LS ajl^j cxJL^= < (3jLJI 4_j 
1 KP/cm = latm ( sj^Ij ^^ lLjlj= sjo.j) 



: (j! p^ILL) < a a2JI q "L)-Sj ^p9J-<-jl a Jl>- a a) Jltt" i nl *-«« 



lbar = 10 N/cm 2 = 1 daN/cm 2 



1 bar =1.02 Kpa/cm 



lKPa/cm 2 =0.98 bar 



s Jljs-^j 4-3»l i ii t,lj (JN ) <J1) I Jlj>.^j flj_SJI (jj/LSj i (ol <Jlil Ji3»j ) <Jlil Jl>-jJu (^jjJI a UaJj I a I JlJt" i nl Jiic 

2 

Pa JL^=3 mLJI ^jLlJI .U;,^tl (jj/LS s jo*j ^^JLc j^jj < m 



lPa = 1 N/m 2 



. tiaJLiaJI (ja/LS 4- bar aJo>j a| JJelLiul lil? jJ ^-J^Iu <— imjVl 

lbar =100000 Pa 
1 bar= 14.5 psi 

aI t^«tl A.j .tl)| J_jswjU ^jJlJI a I t^.tl £_ ajjljjl <J1)I Jlj^jJI ^j-q-iJ? a J— ^jjuj C< i u jl aJl^jJI <5j_& (j| VI 
(J-U Jjj-aJI cr^ ( ^ - U J^~~ ' '"^ • j I ta 1 1 dajt iJaJI bar a Ji3*_aJ (jj/LSJLl JaJLiaJL J i^a^J « <J1)I Jl3*jU ^jjJI 

.(jj/LaJLl Jajt uaJlj t jlLaJ, I da * uaJI 

_ 1 _ 













p a = 101,013 bar 

Pa = j^* J*" 

p, = 1,013 bar 



^p a = bar 



T 



T 



Pg « 100 bar - 

Pq = 4j-U* Jaw 

• Pg - bar 
Pg —1.01 3 bar- 



■nJLJ 



i 



0,2 bar cJL J, 
0,8013 bar jJik. Ju 



«>tf 0% 



J^Jit 100% 



aIjlJt" ml C^JJL? '^ ^ O - * *^"^ till j_l I Jt_j*. 4-»ie_(J^ j| Jt_cl *_a (J_aL*jU ^jLp^l (j a j u *^— i *§_ r-l_IL>o 

t^JLlJI (JjJlj>JI *|_ tcjJsjjo jjfc I -i*^— ■ aj mi til '**'' *<~ I ila a 



o s iiitil £.I\j>.i 


* J ./<•!( i~u -ifl/^a 


i ^ 1 ,^tl 


>y1 


ftiu2l 1 


i ^/- 1 ,^t 1 


>jjl 


f$J-U a 1 


lO" 1 


d 


deci ^,-uijj 


10 


de 


deca L^=j 


io- 2 


c 


centi " ; . „ 


IO 2 


h 


hertny,^ , * 


10" 3 


m 


milli ^yla 


IO 3 


k 


kilojli^ 


10" 6 


u 


mirrn^^.L 


IO 6 


M 


mega LLl« 


IO" 9 


n 


nano ^Li 


IO 9 


G 


giga LliJa 


IO" 12 


P 


pico j^ ii 


IO 12 


T 


tera 1j-u 
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/j ^-— i i ' IluLa ^ 1"^— ■ ]j (jqj>.J_I|) 4_^3j^>JI 4_j_*^aJ (^Loj-JI j-iiUJl (Jjljla x_a <_ < i nl_uj aj_SJI (j| ( jr lc (va-Lj 

r = — ma 

(jr ic 4_jI Jl>-jj 4-Tl»-l3 Jl-^Iaj CcjLj jl JlJLo < jr -& g c J 4_L*-*JI ^ jr -A 3- J A *"• ,£ ~~ ■ II <jj-* ^J aj_SJI (jr & r C--p» 
I ■t'^~~' <_3j^*jj ^jJj-uJI (jr -A flj-SJI e Jlj>-j £jj £—T\ SI a I La Lll A- .4-UctJlj ^ 1"^— ■ ]|j ajJiU 4_ajiir**< i nt,' <Jlll Jl>-jJ| 

\Newton = — x \kg x 1 — - 
g c sec 

8c = 1— ^ ""'J 13 4 ^i 

Newton x sec 



:<jlij ^jjU'tVI ^UaUl 4-J 



1/fc, = — xlft X- f/ 



sec 



I jla i^ui o^ u^ 4- 32.174 '" ^ ^J_JL>o^l AUaill '2- (g c ) J LojlJI 5^2JI q\ Ja^M: 

lb f sec - ~ 

i La S« JLxlj ^yA SI aLLaJJI 4- CxjIIJI 
^Lj iLJaLLaJI J-j^elDj Btu 4jjIj^»- 4JsLLa SJls*j ^^ (Jj-lUo*^ I aLLsIII £_ SlLLall LaJL5eTLi.u.U diljLs^l (jl 

1 Btu =1054.35 J(orN.m) 

j (SI System) uldb-jU^UllfOlulluOi* 

.ajL>-j^i 4_u-uLjJ3 dll sella ua a Jjj».jJ <U_«JL*JI (JllLajlt-U (J-iL-iJ Jj j i ""' • 
■ aj mi til ill I a£.l tia "J «.'j^>-l a JlJt" i iij a I La ' 1 1 (j2 tilljj <JllLll i n-r\\ {j\jajy\A\ Jl^j>J.Ij OJ3jJI j_t3jj • 



-A _ 






plaJUY 









:JL^ 



W cjIjJLi SjJlUI <_i.^u.-w| i icLu J^Li- i 400 kj U^la <J==. SalUj^UAtl ^ ^".U* cJL^=i lij 



: J-~JI 



Power, P = 2 x 400 



/?r 



/ j^A 



P = 



KJ_ 

hr j 



800 



'looo/^ 



^ hr > 
v3600secy 



= 222.2 — = 222.2W 
sec 






Ei = 4000 J 
E 2 = l0W.hr 
E 3 = 20 kN.m 



. BtU j KJ _i (JliUsLLaJI f>*^a J^-jl 



^£ = (40007) 



V l0007y 



( J \ 
\0 — hr 

V sec , 



^3600 sec ^ 
V hr j 



f u- \ 



kj 



v l000j y 



+ 



(20KN.m) 



KJ ^ 

\KN.mj 



Y,E = 4 + 36 + 20 = 60KJ 



Y,E = {60KJ) 



' lBtu 
y\.055KJj 



= 56.87 Btu 



_ ^ _ 




4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl ^iaJJ fetidtt kUJI 3>bVI 



jjl^ri^jJuUwLw! 



x_jIj_<jJu aj^ljjjAtl ^^DijJfcJI 



1 



3' 



r 




^' 



^ 



^^ 



,»U!t : - t ^-"- 



|>4 U Uiji*» 3^' fr^ 






".(^yic lj-ilJ3 QJ^~ ■" aJ^^JI <jJl& (J<i^—i~ bsjiic 

: SjlJLfcll ul ilh7< 



- ^ . - 







jjLj-uiJI (jr ic aj-ilJ3 (jj^-i"j L^jjIL>o (jjJI Luij^l J^-i mi ^ J^-i mmU iLLill jIjJ.1 L4JL1 f^'j-ll «— ^j-*^ 

(JjIj i 11 II 1 ^— m<L^— ija (Jj/jJl_j (_£ J— Jl p_L*JI j_& *_j|jJ,l 1 ^-m<L^— Maj .<JliljL_iJlj (J5lj i n 11 (j^-A -ilj— II <JJ— &J 
(j ii rt < ( jr lc L<-uL-ul J_aIL*jj .4_^=aj^>JI j QJ)^~~> i "-II 4r f^'J-*"' (J^J^ lS^I p-L*-JI j-A l$J^>- I d * J ''-">. < jl CjIjulIIj 
:(j-1 a mi 3 ^1 f^lj-tl L^LjuL^ljji p^ uidJ j^raugj .4_JLaJI JiljJ.1 L^a-uL^Lxa £_ 4-ajLJeTn.u.U ^£.iLJ,l 
. OJ^-i mil SJL>. 4- f^UI (jyic ejJJ-LI ^J-UI i^ljj (^J : £-j1j!1 L^ljjLIxJ • 

< jr -a3 4_La^jJI LoLp* £— 4-LtJj (_£JJI JjJ^l 4r J-^ =L -^ J LaJ-i^ LaLcJ •»■ ijajj *-j|jJ,l I ^— i J ) I ^— i J a 4_La-&l (jj 
Jj^?e-4J (jLcLa^M <Jl)Lla «_2p (jJ-Jt 4_^3LjJjjjLiJI 4_sl3|jJI ljIL-LA 4_»jLajjil1j A ^-^ -Jjj, luJI 3 ^UWI JL?ta 
(— ll '^""■j >Ul jl '"'' *''j ta i ■■*' ^1 «L$-l>-jjj ill I al ■■) LaJI (JjjJa (\C 4_i p ^— i Se~i 1 Ij ^ se tla « (jjjjia (\C OjjJI JaJLLa 
<J1iLLu^I<JI (J}L»- *Lll *l3Jlj (_P-JI i-JjUl (.LaJal mi U <j_a aJLjiJjJ (Jj-^J L^a JlJt" i n J (^jJI ^bj^j^-iJIj .LJjjJl-lJI 

jl-lI^i! 4_jjUc_JI (jiiL-LupJI J}L»- f^^J L^^b^-^' 6-° ^j'j-^' 2alUtl £yi jf s^^tl ^JsLLaJI jjjj <jj-llj 

7t_iia_j Jj^jJI j « J^lLClII fljljMitl /j La »**' 4_jj|^jJI <JliljLLa2l I j.;^*** < LfcJjJL) (jJ-Jl LoljLu-uj .4_uj^^=aJI AJaLLaJI 
/- Lc Jt_aIL*J ^ j Lis 3e ilJl LjjLp^ (jl (J_l . I g 1 1^-^ i§_ tjljiii l! L^>ijL^3 {jj ^— ■**' «.|j_(JI 4_ajLiaj « c_c_jj U I j_(_C 

j-u-^a jjj (_ct.U j^S.j-0 ^M c_^UJI JljLaj .^j^Vl ^VUJll J^a ^_ JUJI ^fc La^a LJ^I CjU^UJI 



- \ \ - 






Density: p Iali=J1 /^ 

V m 

^j^>. JaJLusj 20C° 2jlj^>. 2L*.j J Ju -^ * W-S 1000 kg/m ^jL-oj 4c 2j1j^ ^.jj ju^. *UI £aLi^= jl 
( (3^>La 4- -^j^ ^IjiJelmVl 4j^LiJI *jIj-U q^*.< &l^a) 1 .2kg/m (^jLuj Sal-,-^— tl ^La < ^Lc 

Specific Weight : y ^yCjill ujj^'/^ 



W iV 
v m 



y = px g = — = 4_uJjjVl LujL>JI pjLaij x isli^aJI = ^yCj-iil oj>^' 

Specific Volume : v Cr ^jjJ1 *^>J|/Y 



V 1 m 3 

m p kg • 



. \y - 






Specific Gravity : SG Cr ^jJJ1 J^HI /i 

(4C°) ^L2JI Sjlj^JI 




CjljLii! j»L*JI jj^jLUI a Jiir" i n \ LoLs <JllljLiJI S al",^— ( _ , ,„ -.pLajJ^. Lol ^^-Aj Lot 4_aLfc iii^ela tiULufc 



p 


XV = 


= mx 


RxT 


^Jlill jUJI cj^ 








••^s 


i s\ -J\ 6. ', a* 






P = 


p 

' RT 


: jUJI 4J>\~<^-> 



/ m 
R(R = 2S1 J / K) oljUU j»LJ! culiJI 

T(K) iiiki! Sjlj^JI ^-jj 
P = kg / 3 jLill^li^ 

/m v 

:0 -Y)Jll a 

I jl . 6.3m £L£j1 (jr ^>. <^j-> ^-^ < 4m L^L^jlj 2cm ^^1 jJI L&jJai: ^LiJL^ L&jUjI r.l^U ,„? 

. ojjJI Sal-,'^— c_ < - 1 .a--^La t 9772kg ^jLuj c^jjJI Ah^=> j,) c<<i\c 



m kg 
V m : 

m = 9112kg 



P=~ .3 



- \r - 






:*sj3ej>J| (_ i ( n*»o 3 )|a La i ■■*' (*^>- (ja-iLS ^j-* 3 



4 



r,)jU.„Vi ^UjjI = h < ^yii.! jJI jU^ti =d 



y = -x2 2 x3.6 = 11.31m 3 
4 



2 jj I U 1 1 dcjjJI 2al",^— ^ic J j , ^ — 1 1 2*^1",^— tl 4JjLla '£- u^yi^ (<u 



^ = " = ^ = 864^ 
V 11.31 m 3 



(Y -Y)JH 9 

' a Lis ' ^_gjl i ii j (jlaj^iJlj «Ltij^. (_^jLjjj (jlj^>Jl pLfljjl (jL^3 IJLa i j~i\I jX*~ ■ .. a j_^j|jILa <U_ui (jylc s-La O'j^*" 

(jlj^JI ->L*jI L-ccu^vla < 6750 kg ^jL^j *LU l i"^ i^L=j < lOOOkg/m 4^1!^= *Uj ^iaj J>ta]l 

H ^UijVlj W ^j^JIj L J^kJI 

^jLuJ p-LflJjVI) W yt f-UjjVlj ( JjlaJI (Jjjuaj (^ji-cuJ ^jjlII) 2W^A JjlaJI O^ W <_p=>*JI U^= 'M 

y = /xwx/z = 2wxwxw = 2w 3 



m 



- \i - 









jataitDI 



1000 



6750 

2w 



3 6750 *T7< 

w = = 3.375 



2000 



w 



= V3.375=1.5m 



I = 2xw = 2x1.5 = 3.0m 



.'. /z = w = 1.5m 



(T -Y)JIL. 



:J-il 



(0.001m 3 ) ^i 1000cm 3 ^jL^ jl^IjSUI of U-> 



: OjjJI 2*^1"^— ■ (. , , n -»o 



Pf ="=-**— = 100* 



V 2x0.001 



m 



- \o _ 



J)!>*i)^uL£;Li)!jfl!$*)! 










: jiLXI 2al"<^-ij (j-^aljjJI c^jj ^' a ^"'^~ i cA- 1 a_ujlIII j-Aj (J-lsIj_<JI c^jjJ (jr cj_iJI J-SiiJI t_j 



^ 4l = _800_ = 0.8 

7 p w 1000 

: Viscosity ^j>ui 

^-4 *_J3ljJI £- 4_i_i-r> L>J 1 <5j_4 .«GLj_<-u (Jj_»-qj p ^— ■ **■"' " 4_i_<-£>L>. (JjL<jj J ■ : — 1 1 (jl (_^j-»j ljufcj z\jq. ,,\ <_il , ii ij 
lJj_jj^>o (JjLj>ij (jj-J' j^ SJl i^j-Si *-jHI <LajlJLo (_£J-t I i "LtS a Lfej Lli^i I ^j^— ■ i 'j .*-jU,I <— in ( ii <1 ^jj'" cr^y 







4ii.ii U aj_SJIj A 7"J-1-H ?c-*Q ■ " i^Lui_aj y (^—& (j-U^J-UI (j-L_ 1 4^1 i ii t,lj U LfcjjJa 4_Jl3l 4X.j i n I LfJj_reT<J 

.F ^yjfc r-jlJl i^3j^j 



- U - 



J)!>*i)^uL£;Li)!jfl!$*)! 









jl_^>-V! I j_& . (>^jJL!l (>_i jjUU Shear Stress L y*h ±\$y\ ^jj^ F aj-UI j_ufoJ ix*lj <Gl ijj^eiJL c^ii 

: AjJlLJI 4_J_sL\iL /- '-^ m ^J) 4_^=^*Ju LajLLa jlJ^~*J w -» ^J j-«j^ 




(j-u>-jJL!l (j^- 1 ^-^ 



_ui_ll aJ-j-LtTi-U 4 i i ii <tL icj uJI ^_j-l<Tl!1 *_a >. . ( iiL-ilu I Jufc (_^i2JI -iL^I (jl I iJaj) JlswJ 



^« 



JF 



:^j^l Sj>^>j 



r ,v=/" 






- ^^irtti .ii-4^-1 



4_l^3i_u3L<jjJI 4_j»-j)jJuL 4_lIc <_2jL*j La jl 4_j>-jjJul (J_aLvc-> i_2j^*j La ( jr -&J <- ' ' nLliJl C^jG (jr jfc // C-^p- 

I^JuJI (JjjLtJL Lj-lc j ' * J Lu-bLj .icj_ijJI j'jusolj (_>^i2JI jLjj>-I <j-u 4 1 1 ii ill (jr-Aj 



A = 



JW/ 



Jj 



\ m 1 J 



- d_^ = 3_LaLbjJI i^j^JLJI 



A/', sec 

/< = — r- 

m 



Pa.Sec (y±$A\ ) jl (^LJL . Jl^-> mLQjl (*_)j_ajJLa J^=l! ^LjL . (jj^-u) <_,.& aj^j^JLII <Jiil Jl^jj 



(4_uLa_LL^=JI )4_i^=i_uLaLLL^=JI 4_j>wjjJL!L i_3j^*j La < jr -& 4_aLl^=Jlj 4_L^=3i_LaL<JjLjl 4_j>wjjJL!l (j-\_l inn ill Lai 

Cinematic Viscosity 



y. 



M 



f 1\ 

m 



v sec y 



- Ao^a jjI al Li^aJl i».jjA]l 



«7" 



sec 



- >V - 



luLtJISJi^l 
J)!>*i)^uL£;Li)!jfl!$*)! 













<Lj».j)^Jul JljjJJj ajlj^>Jl 4-^-jJ 3jl_jj_i (Jj'j i n n 4_j>-jjJul (J-S13 . ajlj^>JI i>-jjLi »j '.'^~ l 3-3-jJu <L>-j)^Jul j3Gj 
ajl_jj_i jJ-Sj (JjLuiJI CjLjjj^*- (j^_i i *i i nLalLl' i_£j-3 (jl (Jj tilJj x_j»-j_jj ojlj^>JI 4_j>-j_} pLajjLi diljLiJI x_l*j>J 

ij^sw 3_L*^= s^Ljj (Jl 2jlj^>JI *^>-ji f^j' l^Jt^ ' diljUJI '£— Lai . iLxjjiJI JJjj ^LlJLij 2jlj^>JI 4_s.jj> 

.(Y_Y) J^"" 1 mil ' I ■i^-" 1 CjljLiJI 4_>-j)jJ £_ya Juj^ La_d CjLljj^>iJ| <j-u (_>^i2JI i_£_^9j 



J 


I 




. 


1 




llj 


/ 


.1 






\a%- 




Sjlj^Jl 


^■J-i 





ciljlillj JjIj^IJ a*j>1]1 JLi Sjlj^JI^Li (Y.Y) J^=u 



.2jlj^>. 4^>-jl (_£l Jlc *-jLa (_£^ 4_»-jjJLJ 4-a-L3 (_£l -iLsoj (j-^=-CJ Lc^3 . <Jl)ljLiJlj (JjIjjjiU 3jlj^>JI 



_ >A_ 









jataitHI 




I X 10 2 . 



-10 



Temperature, w 
40 60 80 



1 X 10- 



100 120 

— 1 1 - 




1 X 10" 4 



1X10- J '=• 



s 
5 



= 1 x io- 6 



50 



100 150 

Temperature, V 



200 



250 



I X 10 7 



ajlj^JI iawjJLl LgTii^lcj J-jljII (j^itj! 4-^=i_uU_L^=iiJI is-jjlll (I .T.Y) J^=3 ■ 



- ^ - 









jataitHI 




1 X 10- 2 



Temperature, ^1 
20 40 60 



- 1 X 10" 1 



4i 1 X lO" 4 



o 



_3 
O 




1 X )0- 7 



100 150 

Temperature, » 



200 



= 1 X 10" 5 



250 



ajlj^JI i^jJ^i LgTii^lcj J-jIjII (j^itjl (^Laimi ) Aj^LxaLbjJI i^jjJJI (<_i .Y.Y) J^=3 ■ 



- r . - 









jataitDI 




:(i -Y)Jll« 

(jjiAJ Ju£. dUI i^j^Jj 1 = 100 0^-== 1^1 t^j-mt.1 ajlj^JI 4-3*J-i JU£. sUU (j^aiJI jL^I Jl^jI 

jy sec 



.10" pa. sec i^jLuj Sjlj^JI i».jj 



T = JUX 



du 



dy 
r = 10~ 3 xl00 = 0.1Pa 



. n . 







: JjVl J!>JI 

.i»-jjJL!lj 4jJ Ollll 2'ftl"^— tl c ^^.jill pjSiJ>JI < 2*<Al"^— tl (_2jX. 

U.-Zlll j (J_ajJI jj-J vJ. 1 Jill J pjstr»JI j-JL-a 0-jjIj^>J| (j-* 3 U. 1.ZH1 _i /cJLo Jt3-lj < ■ -»^— ■ " j" a 4_*j*js* #.lj| 

j 1500 j 2750 u^^ljU ^Ij^ ^L^J U ^Ulj J-^jJIj c^ilj^J! Jual^ jl^ ) . J^^ui c^j-^l 

.y IjUl ,> 997 

:dJl2U1 Jlj-uJ! 
100 1/sec t^jL^ ic_><-aJI jIj^*«jI o^= 'M SlajpJll Sjlj^JI i^j-i ju£. «.UU ^Ml ±\~&>.\ j^j! ( I ) 

.0.001 pa.sec ^jLuj ^Uj^Jll Sjlj^JI i^jj jl^. *UI i^-jj-Jj 

2.87xlO" 3 Nsec/m 2 

:yWI JIM' 
40C° ijjs, ^ ^ 5.00x 10" 4 N sec/ m 2 

: JjVl Jlj^JI <-Jj*. 

p_aca» a & /yCa—ul p *»■ **-'' . p ^->j| a Jt_^>-a (jj.9 9—* c^-3 - "' OJ_9— ' ' p 7~ "-'' ~o Jl^>- a 4 l"^— ■ ^ & a *al",^— ,]\ 

si j-^l ^^-A 4_j>.jjJL!l . «.U,I 2 al!i^=3 ^11 3jLi,l 2 bifida 4 j i ii J ^^^ 4jj,n ill 2 ai-,<^-,tl . s^LM ^j-* pLr-j-^^ 3 ^' 

- rr - 









jataitDI 



t^Hll Jlj-uJI V^ 
(jy ic (<sj?tr»JI jjfc ^^^j-LJl *sj3tr>Jlj (<sj5tj>JI (jyic. 4-lH^=z Jl (jr A Sal"^— ■ tl ^j| ^^cjjJI ajse^JIj d'al"^— J] LLLjjij ^j^a 

t&lVmi ol tit • «h^-»Tl 



P = 



m 1 

V ~ v 



: (jr cj-L!l rt»j?tj>Jlj 



V 1 



m = px V 

m g = 2750x0. 12 =330 kg 



: J/sjJI Itt^aj 



m s =1500x0.15 = 225 kg 



:*UI iii^j 



m w =997x0.2 = 199.4 kg 



:*l_5pJ1 ^h^-ij 



m a =1.15x0.53 = 0.61 kg 



-.^jLuj m tota i 4jl^-itl Sh^-itl (jl^ ^LULj 



m to tai = 755kg 



*.4_t 



i^aJI 2'al",'^— tl (_j| ma. j^ qj LlIc 



Q _ m t otal _ 755 _ ?55 ^/ 

Pft*I- y ■ --/33 / m 3 



- yr - 









jataitHI 




: jf ^Lji^aJI ialii^JI <—13.Ha j_ifc ^^ji^JI (^jlJI («^>JI 



V. 



V 



total 



total 



m 



total 



— = 0.001325™'/ 

755 A? 



:dJlftfl Jlj-^oJI <-_i^ 



r = //x — 



1 = 0.001x100 =0.1 Pa 






^ 2 A 
m 



ySeCy 



- ij^LjjLsLL^aJI i».jjJL!l - (t 



/? = 0.85x1000 = 850 



Kg 



m~ 



r = — 
p 



ju 2.87x10" 



850 



= 3.3x10" 



f 2^ 

m 



ysecy 



:jjIjJI Jlj-uJI ^\y>r 

* ±f— 1 j"' bi ) II <L>-j)^Jul iSjJLJJ <((_)- T -Y ) J^— ■ "■ 4_t^3Ljjol_<JjJl <L»-j)^Jul (jr ire_Lo al JlJt" i 11L1 

: ^ ^^ikXI £W\ (jl g.-.M,.,'. 40C° Sjlj^JI a^-jj *i»>**j 5.00x 10~ 4 N sec/ m 2 

jjjj-lJI Benzene 



. rt . 




4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 



jjl^ri^jJuUwLw! 



L^3L^ LU_(J JJ JLAjJ I 



I 

3' 



V 




^' 



^ 



^^ 



j,U!* *-""■". 



|>4 U Uiji*» 3^' fr^ 






: ( _ r ic lj-ilJ3 (jj^—i" aJl3-jJI ojui Jo'^-i" LajJ^. 

. ^jJjjJljlJI p la ill *§_ JaJLiaJI fl-iLjj *»*»^~" 1 (*4^ ^ 
ilaJt iJaJI (Jjj*^o - 4_JjjJi_t ( JI (j-u-iL^aJ,! : ^jjJl-lJI a I La III A- ^jJiJI (JJLi I a loj O 

.4-lJjIjJl-lJI p La III *|_ i La j LtiaJ I J ^jJLJl (J-Sjj JaJLiiaJl <— il < n~>» (jylc (jJjL«-) (_)-»■ O 

A ^ * (j-^- Sjl Ju»JI <jJl& tj'-^l ^ J '" ' U^ * o' 

. <Jl)LcL-u 
. (jl ^— i i '■' ' (jajL^ Jj-uiaj (JllM ( nL-ul j4La (_p3>JU /_la-tjaj| ( _p3jL*Jl a I Jltt" i ul . 1 

: SjlJUfcll ul ilhTa 

• (Jj ' s^-^-J-^ *z- 4-J-«-uJlJijJI -SL*-)Vlj <J1iIJl>.jJI (Jj^r»oj a) JlJt" i ul jJLSjI 



- YO - 









jnirtiTtt 



dll si ga.1 (Jjua-aJI I j_4 *L. L_L& LoLcj (- alj^jj 2 )^— ,1 , ,, tl *_j|jj,| ^_ aj3j_tl ,_£jJiJl 4_<-ulj.i j_4 *-jHI £jj^~~ ■ ■ •■ 

4 ^^— ■' i gj| jJjIjjjiJI L^3lJJ L^DlJjO (jj/jjlj <UC jjti JJ>- I (jr isLAJ I ^— ' JJLi I u JjJl-lJI 

pressure iaJuaii 

. LuJsLjjj i Aj>-\ i ii U a Ji3»J (_yic- 4J-ij-«-*JI aj-SJI j_uG jjfc i LaJt iJaJI 



A vm 2 y 



^A^ 



Vm ; 



PascalyPa) 



•u' 



P = (pa) 
F = (N) 
A = (m 2 ) 



(Jl ^— i i ■■> Jl aJl>-^j JaJLiIajl 

ijjjijl J_<jG <jL>ol (jyiC AJ-ij-OAll 4-3»LjiII 



(jr ic JaJLiaJI <_c 



i/w=i(y 2 ) 

l&ar = 100000^/ 2 )= lOOApa 

vm ; 

0.r)ji_L. 

1 kN L&jji^ ajjjjvc. aj^j j 5rnin <jjJai (piston) j-j^ * 2U...\j, jU. ,u;,^ ^5 

.jUJI 

. jLi-Jl (jyic L&jjjG (JjjJs (\£, ajJiJl I fcilc J-^G Ur*^' iJ ■■;'^~ l U a JiCLS 4-3»l i n a (_ < i n-»o 



- tl - 













4 



P = 



A 



.\P = 



1000 



-x50 2 xl0" 6 



P = 509 



KN 



iw 



P = 509KPa = 5.09bar 




).X JliuU 



(jj-^rr 



s jj j^— ■ iii \ y j^-— ■ - 



,_£jJi]| <5J_4 SJjLta SE^a jjl 4_u3j.Lt.qj _Ujj jj_5 _>__J| )_)_>' £j-a <j i _>. (jylc aj-jJLI (_^j__! ijjljjj #.|j_>-l ^1 

(__L_ (j I » — 3 (j\IL___ _jl J__. jl J_U,I *|_ ,_£jL__j J_Jl — _J| (jl 77—1— ( nl _)~~" ' < ' «— L_ < lj_ _ _ > ^jL_ _ <5l_ »_l _jl *|_ 

(b) 4____JI Jl_C l__l__JI (_£jLaiJ (3-) 4_--i!l ^-Lc lL____JI _jT l__->L MiU- .J-jUI 4- "* '"**' <jr<^^' ^jlmXI 

.( Y . X ) J^-.,t,tL U^= (d) 2Us:tl jJ^ ,U;,M1 i^jL^ (C) SUs:tl JLc ^jil ,Ui,MI dU Jl^=j 



- YV - 













(a) 



O 



(c) 



(b) 



-TV 



(d) 



o- 



.. 



- - - < . < r.i 



t^UJi gsm 4-,u; .r>t i c^i^ (Y -r) j ^-. ,t ,ti 

: Pressure Head &La)l (^k ) uam 

4_JL». '£— Lai JaiLua tlj ojlj^xJI ^L>.jJ jl JlJLs ^ lr CjljLiJI J-la Aolal » '^ JVl «_j!jJL1 <LsL^= Jlj£*j 

.jIjlSII <lL)L I /j"oil"^— a (JjIj mil JlLa Aolal « . ^'»VI j^A f-^J-^' 
.(JjLuiJl (_£j!L>iJ (jJ-Il "ul^aJI 4-3»LaXl (jyic (jjijjj (JjLoJI pLflJjl jl dmn <jr"- - L<1 -' Lt f '^ ' 



F 






- : "i 


r 




(P) J5U |j 


?!T -■-".■"■'.: 


kr 


S, Sm 


vl/ ■ . ■■' S-J 


- 


---'■■ ' .'- -"/' ■ "■' " -■■ /-J-..-- .] 



4_]btC. *£_ (m) ioLU 4_LL^=3 <_1j_(J3 jJ_t^5L>. ( jr -& (-T ) BjJiJI (Jl JJJ_U jjJ-lLs (j-«J 4^>>1 ( ii 1,1 ( jr lc fljjlll j_uG J-& 
:ix!Ll!l 4jjL\iLi du£. j-LtJ jl j^auCJ (p) (^^a^llu-uJ^JuJl JaJLuaJl jl r-laTu-ul j^i^j (g) 4_ujL>JI 

P = px g xh 
Ap = p x g x (A/z) 

fl jIaJI jl C i <a ( nil ^yic LaLc-S Jlooaj i La i i a 1 1 jl ilaA.^U 



- YA 













LcLijjl 450crn$ L^b^c 250cmj VjJa 300cm ojLui ^Ij^ ~k~- ^^ Sjij-tl ^Ll^aJI 3^2] I c-u^>.l 
.SjlcLUI 4- *^j (jt^ 1 'ki'MI Liajf l-cuq>1 lOOOKg/m . cGisLi^ *Uj ojia ^ lil 











S - 












.^- 


yS 










(Y r ) jmi( * r)j^A 



F = mx g 

F =(pxV)xg 

F = jOx(Ax/i)x g 



F = 1000-^- x 0.25m x 0.30m x 0.45m x 9.81-^j- 
m sec 



F=331iV 



F 331 . ... N 

p = — = = 4400—- 

A 0.30x0.25 m 2 



:ajLcLUI i^z. j^j-U .U;,^tl (2>^3lIj 



: <U.}L*i,l a\jJxILuj\ q^=s <ij {Sj^*~ I ^-^J-^J 



P = px g x h 



P = 1000 -^-x 9.81-^r- x 0.45m 
m sec 



p = 4400 — - = 4.4 — 1 = 4.40 Apfl 
m m 



.^JLiLuiJI 4_2jj_LaJI jjja <Lre_p-iJl (j-u-ij (jj-*J 



- 1\ - 







(r . r) jn* 

c^>£. I il (jrykliJI o^j Jai-L^JI 4- Jj^aJI j^-j I -j^tJI fl^ 4- 200m j 300m <j^ Ly JLc B j A ji'Us't 

1023-^- j^JI *U ^li^= jl 
m 



(jjj—iiJI jUsolj 4_LaiL) J ^— i Jiic JaJLtiajl <— il i n~>» ^j^— ■ «a ' /- ^— i jj I " i "j|j JLyJ I iLa-i iJaJI 4j_}L*-<s a) Jiir" i nLi 

.aj_<liLi-a ^ U» .^tl ^j^-i (_3j-^' -^^"^M L/^~*»** ' ' "JL? '_ r '^ ' 4_J_}L*-a a| JlJt" i nl jl j*'-^« i ta 1 1 (j\i 

A^Jiic i La » i ta 1 1 (_ 1 1 n->o 

^A = P X S X k A 



P A =1023x9.81x300 
P A =3.011xl0 6 Pa 



P B = P*gxh B 

P B =1023x9.81x200 

P B = 2.007 xlO 6 Pa 



Q 2 La a '< 1 1 j_Lc . U« ,MI (_<_,_, 



".(^yij I »^3 (^rula^lJl <j-u i La » i ta 1 1 *§_ JjjjUl <— il i n~>». ^j^— ■ o ' 

P A -P B =3.011xl0 6 -2.007xl0 6 = 1.004xl0 6 Pa 

Ap = P A -P B =pxgxAh 
P A -P B = 1023 x 9.81 x (300 - 200) = 1 .004 x 10 6 Pa 

:(i.T)Jli- 

:& ^JjUj L* J\ (101.325kN/m 2 ) ^^1 , U; , M I J_p* 

.1000kg/m <Giil?^3 »U <>a Jai-LO Sj^tf • 

.13.6 4 j i ( nl!' «QkLi^3 i3-A3 0-* 3 'ji'* • 

U^< (13.6) j^SjU 4 1 ,,, i il l ^Lali^JI < (l000kg/m 3 )^UI Lali^=. (I0l.325kn/m 2 ) ^^>J1 ,U;,M1 

.(9.81m/sec 2 )LujUJI 



. r. . 









jnirtiTtt 




-.C-J^iUI 



>L £5^JI JaJLiJaJI ^al^j (^JJI (3jJJ.II it->t'^ Jij^C ^^jsJI cLaJLiaJI ^L^lj (^JJI sUI iti<^ -ij^C 



•' LaJt iJaJI O <i( (i 4JjL*-a jj-a 



P = px g xh 



101.325x1 00000 #/ 



V =" - 



m 



P// 2 « x 8 1000 



m 3 x9.81 m / 



sec 



h„ „ = 10.33m 



"#,0 



.10.33 ttlojjil dUI £yi Jai-LO Jij^Ul ^al^-ij l£H^' Jai-iJaJI jjl 
Jljj (jf (j^a J_iV l_ufc (J ^— i ^ « (_£j-j>JI JaJLLga II **<*' ^~*J (_£ JJ' iJ-A}-" 'ji'' <— il i 'i~>» ^j^— ■ i ' (JjJtLi 

: Vjl (3AP' ^"'^ c_il <■«■>> ^ J^V <>-J! 
(3JJ>JI 2ftl",<^— (_j1 , ,i-w {j£=3 1J sUI d'al",^— j ajUl S*«aI",^— (j^j 4_Lmill (jt j4> (j-lIIj 4 jj uiitl S'oil",^— tl 4_J.iL*-4 £>"» 

Ph, = />*, x13 - 6 



p = 1000 x 13.6^/3 



:^jj>J| Ja-i iJaJI * 31 ^~*J (_£JJl (3A3-^' LLaJt-LO ^j -t^* <— il 1 n~>». ^j^— ■ «a ' JaJLtiajl dmn <0.}L*-a jj-' 



101.325x1 00000 #/ 



K = 



m 



13.6xl000* g / , H9.81'" : 



m 



sec 



LH» 



10.33 m 



h Hg = 0.76 m 

(Jjz*}\ Jai-tiaJI ^1^-n (3AP' -i>4-C Jai-tJa ^ 0.76 111 jl^ sUI (j^ 3 J-dM i3AP' U^J 

.(^^jJI Jai-L^JI ^L^=lJ «iUI 



- n - 



l&pLu^JuAll 






jnirtiTtt 
ILuU^lUIj ^iSaJj^JUU I A«tafr I 4i£j 




• plj— flJI JaJt_La jl i_Jl i ii II i Lai iia Ilj Jj I La 1 , 1 JaJt iJaJlj (jj/LSJ.1 JaJt iJaJI SJSj^jiJll JaJt i ga 1 1 d)L-uL<La (V«J 

.i_2jjjl1I (_£jj>JI JaJLLsaJI J) j a LaJI Lai (^^J Aj^jjjua 4_uL>-j_a ^l£. L*j|j JaJt liaJI (Jj/L2j 
JaJLtJa II ^_j (0Li.iI J^— ■ "■ II j Laj|) j a La II 4_LaiL) j_4 Jj *■ JaJLiIa Ilj (jj/LSJLl JaJt tiaJI <j-u Jjj^JI J 
/__4 j a La II 4_LaJL) £jj ^— ■" Jj I La 1 , 1 JaJuJa LIj •(^0 **n JaJuJa II Ja ■■>- Jl_Lc j a ua II 4-LaJL) £jj ^— ■" I La_jf (jj/LSJLl 

■ t jlLai,l j a^aJI 
JaJuJa II (Jj/LlSjo j_4 plj^UI JaJt La jl i_Jl 1 n 11 JaJLia II .4_3jjjtJ,l JaJuJa II (JjljjULo J^— ■ "■ II ?c_Lbjj 
(_£j_j>JI JaJLcIa lu <_3j_*j La i-LlL-La> JaJLcIa lu ^i_<j (^J— II '"'' '' < " *-" m "J ^~~" 1 ^r- (jTl 7~M JaJLcIa II Claj 

Lub A-a-Lflil oJL-a> ^jLJeTLL^j 101.3 kN/m j! 1.013 bar L*jIj <£uUk JaJLiail Iju* (Standard) er ^L2il 

.2 j a" 1 11 a S jj LaJ < 1 »" a /_L>J,I (Caj>Jl JaJuJaJl (jV CjLiI i n*»Jl £— 



■LjJI i^jjiJI . U; .vtl 



1 



T 



I 



T 



ir 



till 



t 



((jjiLoj) 



1 



* 



\ 



i 



JUqIIj^JI 



( . V)Jlla 

»LLa£ *§_ (jjiAJj <_ijjj| Jl»-JJ ' (jr SjHi,l jQj?tr»JI *|_ LLajLij 0.61m (3- 4 -*- 1 *'- a cr^- L^J-^*^ 3.66m «LcLdJjl (jlj^>- 

aJl^Ls j^Az. JaJ lu M j LLai.1 JaJuia Ilj sUI 4 Itla ^^-1^ JaJLuJ.1 j LLai,l JaJuJa II i.mi -w| < (^J-IaJI (jlj-JJI 

: JaiUil 2'o.\-,^->j 1000kg/m *UI £ali^= jli. <<jljJJI SJl£.l3 ^^ Ly ,\2X\ JaJLL^Jl Jirvjl aj 4( j|jJJ| 

.101 .3kN/m 2 : ^>JI JaJuL^ilj , 9 1 7kg/m 3 













Po 



~~ T 



— J? - 



1 



Pi ,u 

1 



( o.r ) jiiXK o.r ) j^ 



: J3JI 



P 2 = Po + P 2 gh 2 
P 2 = (101.3 X 1000 Mm 2 ) + (917 kg/m 3 ) . (9.8 m/sec 2 ).(3.05m) 

= 128737 Mm 2 . 

: tjljJ-JI isJiC.LJ3 Slc.L \ (j 1 La 1 1 1 Lai uaJl <— il > n-»J 
Pi = P 2 + P lg h! 

Pi = 128737Mm 2 +(1000 kg/m 3 ).(9.81 m/sec 2 ). (0.61m) 

=134721.1 N/m 2 

l_L*aJatj ^jtj-J-Jt ajL^.LJaj-t£, (j IUt I , U» ,^ tl (_gjl ,n j 4_JLa t ^jlj-JsJI BjL^lLJ3 J-lc qjiA Atl , U» 1^ tl <_il ,n >J 

*.(_^aj>JI 1 LaJt LgaJI 
Pl(gauge) = Pi _ Po(atm) 

= 134721.1-101.3 x 1000 
= 33421.1N/m 2 
3.34 kN/m ij_3J (jtjJsJt « j^LJs -uLc 1 La ♦ - h (jj/LJLa *-^j 3J 4_j 1 ^^i*^ 



-IT- 













(Pressure Measurement) fai&il^lxl 




-(J " ^ . L Lj ' " 



(The BarometeDj^LajjlJI 




^ic (_£jIL>o tj'j^>- Tc-i-bjJ (*\ . ^) t J^~" i uJl 4 4 a i la 1 , 1 4-LaJLua CjI Jl>-^j (_£jj>JI i Lai tiaJl (Jj/LlSJ jL^>- J-& 
LLaXuua j|j^~ u ' " (p) L^J^?^' Jaiiiajl ^jLS tcjJsIj j-& I -t^— ■ < 4jL#I]| *^j" a a (jr >-L>.j <_j^jjI (Jiol Ju9j « (_pL<-u 
(jr JLc ujl < n "< a (JjLuiJI peJa ■■■ (Cali i ii a lJJ*^~" '^ ' " ^» aJ-cLcJI J_Lc Jijj>.jJLI (JjLuiJI •» La i u (jylcj t-Jj-U^I (J^L>- 
slj-JI (j_a pj_3lj ^ji.Lji.jJI <_j^jjVI jjjo Ltbul AJL^jJI CjJu-u I jl Lai .<_j^jjVI 7TjL>-j (J^>-l-i (JjLjJI •»■ La i u ^Jua 
^JLc LLaJ-ui a jij ^~*J L^J-^?"^' i-LaJLia 1 1 L*j|j m ^— i t j <_ij_uVI (_L>-lj i LaJ i u a iLajLtJa ^jVI J^*-JJ V 0-tr»o LoLc-i 

v <_jj_ljVI (_L>-I j ^jJUJI <5L>oVI £- (JjLjJI )«_r2jjj i_3jjjj til! jjj <_j^j-iVI 7rjL>- (JjLuiJI -»■ La ■ ■■ 



(jJLiaj 



tjua-l 



.(_£jj>JI i La » 1 2a U (_gjl i n tl j^gj" i n U Ijufc J_t£. lLb i i aa (jiiiJ 4_t3L^= ^jljj^JI pda-m ^gj" i n a (jj^ jJjLuiJI ^j-^ * '" ,£ ~~ ' 

Lc^=j 4_IL>J1 <jJL^ 4- .U; ,^ tl jjLa t( Jjl in tl 2 al~,<^— ^^ p j JjI in tl jj_*£. p Lajjl ^^ h <-- W^-> |jLa 

; «_& 1 'A 1 1 , ., LLrci-r) a I 

P = p x gx h 



.rt . 







. ^ILojjLlJL) <— 3j-C La j-& 'LSjLjiJI 4_2jj_LaJL) ilaJt uaJI (jj/LiJ9 j..4_u jL>JI 4_lrtC ^^^ g ^^p- 

I JLjfc (^gjl in j (^JJI sUI jij^c f-LoijI <_ iLo-^. jj^-"ij 4-lIc 1.013 bar ^jL-uj l£>>JI ,U;,^ti £>J LuJjjlal lij 

1.013 x 100000 = 1000 x 9.81 x h 

« 1.013x100000 ino ~. 

h= = 10.326m 

1000x9.81 

c-UjjVI I JL& (j-^ 3 (J^lSiUj 4-JLc.Lu^L2JI ^Ij^.^ Ijl* Ij^j^= 03^=*i 10.326m «lcUjjI «.UI ^ bj-*^. <jl 
(jl_a 5JUJI oJLJi 4_j .*m jj_« aj-a 13.6 J-2j? (3AP' o^ <-^-taj *UI {y* Vju cjIj^jjLJI £_ (3AP' J-**!^ 

1.013 x 100000 = 13600 x 9.81 x h 
a nc nc(\ (\nc 1.013x100000 , 

= 0.76m = 760 mm = 0.76 m .*.h = 

13600x9.81 
.(760 mm Hg) /\ JjjJJI cy 760mm ^jL^j «Gi (J ^. is^\ lUi.MI '. "^j La LJLia <uk:j 



. ro _ 













:(The Manometers ) ulju^UI 

( jr -Lc ^^yjfc.Ljfc.j <_ij_ul ^_yC ajLLC^Lojjm j .CjI^ILojjLII a' JlJt" < nl j-& i La i i a 1 1 (Jj/LlSJ Jjj-LaJI (_Lj^-ul £_ya 
V ^jl (jr JLujj <LLaJt-LO (jj/LlS -ilj-ll *-jLU (j-* (J-531 QJ) ^i J ^H-^J- 1 H I (JjLjij «— ^J^y (JjL-u <jr^- L^J-'-^ U (J^-~i mi 
jj-a (JjLjjJI pLajjl 4_3jjljo (j ^— i i 'j Ljj Lt^i^a 4_*-a (_LcLaIb V (j Ij j^>-VI x-jLt,Li C.._p> jUajj Lt, I (_pL-u r-jJLo-i 
4-La '"'j^' iLajLJa 1 1 (jj/LxSJ 1_<-uL-uI i LaJt cla ll Jij_aJtJ i La » 1 2a 1 1 4_j3}Lc J^~" ■ "■ **' .<_Jj_uVI /- Lc Jij_j»-jJU ^jj_l!l 

' - ' ".0" a S 

<_ij_ul A- ^gj_uij (JjLjj (%C fljL-LC J-Aj ' La i u Jl j" "j ll U ' i_3j^*j La jjfc j ^p_a jj La ( V . V ) J^— ■ uJl <j-u 
.J J i LaJt LgaJl i. n i ii t *-3Jt_b (_£JJI (jjjjjJL^a ^ ^"' }Lj L-u jJLa jj U.I (_£jIL>«J.U <_2j^v. J^—- ui (jT ic ^ILa jj La_) J I -*>'*' a 

.(V . V) J*^— i utJI ' TcjJsjJtl jj^JJI (jyic JaJLJaJl j'juLa 4_La <_ . i n-»o (j-L*-a pLdJjl 

.C JlIc Ja-LtlaJ 1 (_£jLuJ 6 JlIc i LaJ> i^tla 

.ll J^jjjJI -ij-c-C ilaJLLb I Jj'j (_£jj>JI i LaJt tiaJI ^jLujj Djk. daJuiaJ 1 Jj^~ ' ^J 

.<_j^jjV| (Ji-l-i ^gj-uij (_£J-JI (JjLjJI LLaJLis jjfc O J_t£. i La « i ia 1 1 J 

Pb = Pc =Po+p Hg gh 











* 1 






D 


-:-■■.. ■ 


' . ■'.■' : V^-] 




A ° 


O 




$001 








F- J - ; 






--'I 


t* 1 " 



• Uu, t A\jlA_p[X\ ( V . X ) J^=u 



- Y"l- 













Differential Manometer ^LiJI j^»^iUI 

.(n) jJjLuJI pLajjl 4-JVjt_) £yuh2 til (j-u daJLIaJl Jjj^ '-. ' '" "^ .(^^LuJI^ILojjLII tciJsjj (A . V )J^~ i uJl Q- 1 » a 

.C Jilc i LaJt tJaJl (_gjl uU Djii£. i taJt LaJI j 
l_!j_j-)VI (JjL<jj Jj_<ui <ia-» us J-j'j n^ILojjUl (JjL<jj Jij-<4-C LlaJLis I Jjlj "2 '^ l£i'-'- u ^ ^ ' **** JaJuJajl a 

.z 

.(Z + il) <_i_a_ijVl (JjL-u ^j -t* lIsjLlo I JiJIj rj ilajt 1 2a 1 1 (_£jLuij C Jt_t£. JaJt LgaJl j 



P!+(h+Z)p A g =P 2 +p B gh+p A gZ 



Pi+ P 2 = p B hg +p A gZ - p A gZ - pAgh 




. -. . ■.-■- .- . , .:.... >..i 



(^uUl! j^^UI ( A . Y ) J^u 

Pl-P2 = (pB"pA)gh 



t^LctL^a AJbLmJI 4jjUi,l *bb^a J*^— ij ^Lbj. B jUaaJLtl *-jL*-s 4-JjULa A *-jUI 

Pi-P 2 =pB><gx h 



- rv - 













Inclined Manometer: JjUIjI^UI 
PrPs^pgXSine 





1*1 






^^-P 2 




■ > V 


: 3wyj£ 


^^e 


'jLa;!^' ' 




JjUu 









(_£l t (jj/LiXI ilaJt tjail jjfc tiiljb ^j 1 a 2 1 , 1 iLajblaJlj . P ajLc .Ui .>>tl ^ <j , „j Li^=3i_lJ j j Ji-iJ I jjljjJI £_ 

.(_£jj>JI JoJLIaJ 1 ^_yC • Lai ilaJl pLjjjl 

4_ljJL>JI 4 l-a- rj p JjI in 11 4_sLi^=j •»■ La ■" tl u \c I ll (Jj1 hi 11 Jij of fLrajjl (j_a J ^— ^ If P Jai uaJl 4-o_l3 

: <LuVI 4jj>mi (jjs . L&jjI. I -i^— . <. i m-»o 4-uJaj^M Lu jL>JI 2jJ9 £>£. rfsp-LLJI ilai-tiaJI 

P = h.p.g 



_ Th. 













I^jUJI #.Lcji! J^a uJl e-S>Lli*l £yt ^uUlILi f-UjjVI ^jLuj x_a .U;,^tl ^jLaij O ♦ . V ) J^=u 



J^— ui ILj I -t^— OqI Sill oJLjfc (3j-^ tjjl in 11 f-Lajjl ^gjl i n "s Ljjl i n "a (jj ^— J 4-Ulj^M «§_ LaJlieJ,! OqI S-lJi JU£ 



.( v.r ) 



^e_ij^jj,l 4_i£.j^M JlcIjJS 4.3»L.u.a tljjl uU 1 jlj .^LljJl iJJiC.LJ3 ^Iz. BjJ3 ,_i 



JjJ-uJl it~i* iMl (3^-*^ *—* 



4jj1 una j^a3 Cj>HII 2Lj£.jV! aJUfc Jicl^JS ^^yic ajJJ-U ^J-ill oP 3 ( Ai = A2 — A3 jl (_£l ) J^a uJl iL. 

. ( Fi = F 2 = F 3 ) Llut 



£ ( M . X ) J^=lAJL I -i^ A cCb>l in a pcJa ui J^Li- (J-/J jtUI S_ JjL-u ^ lr F ajJs J^p LaJLJ£. 

4-a.l i n a fjr ±Cj i ■xJoum ll ( jr lc 4-j-ij-a-*-ll 3j_SJl 4 l^sj a jl JlJLo < jr lc 4Hc_l3 (_JiJ9jI<j (JjLuiJI *§_ _T daJLis 1 ui h 



•t 



k^oJI 



F 



_r* _ 














4-ls.jL». S_a2 (j^. /j-jLUI Jai tlaJl ( \ \ . V ) J^— ■*:. 

jj^— j •»■ La 1 •■"^t J^— (jT ic j-JjJU 1 Lai uaJI (jl ^| .i_tJl^»JI £sL4= ^^yJLl jl JlSJLI (jjuilij t LuT 1 LaJt uaJI I jui j3jj 
(jl (_<ai3 4 LJ1 «i frl aJlc 4_JL». iL. Lai .4-yJaj^M 4_ujL>JI s^ijjjG Jl a frl tiLIi 4-3e • * 1 Jaj" uiJJ . LjLuILa 

JaJt ilaJI oJii^. (- < u>J (^JJI •»■ La oJl ^£, JjI mil -»■ La 1 u fL^Jjl j-j| jLlklVI iL. Jls*LJ 
ilaJLtla 11 ^LlJLij t 4_i_iJjj^1 4_uilL>JI flj-J3 ^j-C. p^Ll!! .Ui .>> tl JLc-&1 (j ^-— 1J 3 ^^— .Jjji LiJl j^IjJlJI £_j 

, U j « , U. t d 1 1 11 (JL) 4 4_l^J1 ■* 1 -t j a (j a ^— ■" , U j « 1 ^ 1 1 0j_& (j jr ' j la ' t9e-La_i u VI £j_C Jjl 1 n !' pLflJjl £j_C AJJ-LlJI 

1 0jlj £-a jlJ^~*J 1 Vj HI «LcLijjl *ULl (jj« -ij-a^l (j£. p-»-LiJI 1 La » 1 2a 1 I ^La < (JLjJU (Jjj 1 11 (jr^j .JjJLluJI 

: iUSwJ^JuUli^lJLAUl 

. p j a j ' c ^jlj^JI J^-— ■ ■" jjj_^3j < <J1iL&L>ijVI (_>^3 <4r *H-^J ' (JjLjiJI £— JaJuiaJl ^gjl 1 nit Ij-Iaj 

. CjI JulXI Jj* hi" «|_ 4_t>-jL>. |_£_aj3 (%d <lLjjLlJI 1 Laa i 1 ga 1 1 £_ya a >l aj 1 uVl »j ^— ■'<* ( | . 1 T . T ) J^— ■ "■ tcjJsjj 



i>*-" 




$2~ A1 = ' Fj 



- i . - 












4_^=ljJjjJi_uJI aj_SJI (Jl axil CjVjLj^s T^Luj i ul » xLali ■ u ' ( <— i . I T . T ) J^— ■ uJl (j-a ^cjJsjI ,— b Laij J^— ■ "■ )j 





i 








t 




A 2 


Ai 




- p,:3 


+ * * * 






ri 


i 


fct 




n w 



p= - 

M 1 A, 



Pl = P 2 



F 2 = P 2 A 2 



L^=3l-JjjJuJ1 ^j2i\ ( j^l^sj ) JLsiJl ciiVjLla ( <_j . \ Y . T ) J^ ■ 



A 

.( 'LslSj t_tr>o (_£Jl!I (Jjir»JI jl JuLa ^jLujj ) 

F 2 = P.A 2 
Fi F2 



A A 



F, A 



: 4_Laj 



- £> - 









jnirtiTtt 






.4^=U' 



. & ..... • • ^ •• 1* 



^1 _ ^2 

S 2 A l 



Si xWi= F! 

S 2 xW 2 = F 2 



. tr . 













i^U^IJLdlJlijLM 




lil . ^j-' '^— i plj J (_3_jjJa jj-^- H ' "L>- Vl "•***'' ^f 1 1 a " " 4^>>1 > nil ^ a l"« -»- * <j-\_<_u l_L^=a ( ^ V . X ) J*^— ■ uill tcjJsjj 

' ijj^~ 'j Juslj-aJI (JL*jil j_t£.j . A2 •»■ La 1 oil j_t£. "2 ' * ' ** '- ' ' ' "j L^- 4 (j-uLl^=JI ftjj iji>Ls (j- 41 



Fi = F 2 = F 

Pi .A! = F! 

P 2 . A 2 = F 2 

Pi .A! =P 2 .A 2 



/> A 2 



■•0^3 

= 6^1 
sj? 



p 2 a 



ijjLai 



^j-a 7c-i^3jj 



CjLa.1 1 lit) «_x I j 1 m^-ic «. 1 1 ulxS Jaai tJaJI <j| 



- tr . 













: &WI 2uSyJjj JUAJ 1 SjjJLtf ^UVt JJ>S£)I 



Vent 




Check 
valve 



2Uj,...A\ Li^aaJjjJUyll 2jjJl!I J-*£. «j-^=l3 ( ^ £ . V ) J^a ui 

.4_t^=LjJjjJi_ijJI ejjjJI <_)-*£. 2 j ^— 1 3j ^jjjLjj^I jjJj^aliJI ( ) 1 . T ) J^~~ ' '"^ T^^^i 
t L _yj 1_l^=3J I » U<ia 4j>.| i ii a /—.ul o 9J2JI 0Jl& M"" - " J . 4-Luua o aJL /j ul '^— i II a Jt_p»a 4 ae ua a >j ul '^~ i ,-lc- )-H-> 

/Jill 4 »xaJI (J! (J L<aj (jJ<->- daJLuajl *_ajj_j i ajJaJI fl-iLjj ?-* ■ ' ^ ^43^ O ' '*^~ l <jr"- *>*j^' 2jJaJI a-iuj-i 

Vj < Lulii I uaj) Jai uaJl Jli < Lulii ^^^jLj-JI J^r»JI (Jli I jl .«L*3jj (jr »-jL>JI J^r»JI (jT JLl <_JL*2J| (j-« d '^— l" 
Jjj-tJ (jpLII <LajLUI ^ l*» c_cL<TlU 4_aj^UI 3 ^5t| ^| . A"j,j SjjIjJI iL. JaJLJaJI jjLa I jL^=ufcj .pLajjVI -ijL*J 
4_^_uij| (Jl ojjJlJI LkaJt us *_3j M^= ■ a) I jl (J^r»JI ijjjj^o (^QJLl (j ^— i <a ig .<L^_ui]| oJJt, ^JmjJ Vj i 4_^=j^>JI 

.tiiljj ^j>ui 

3jLjj_i 4_j| I j_& ^i_<jj AJljIa i "^t ^Jl «Ljl3J *u m£ JJI (JjLuiJI JJ^Jlj (J^^*- (jr^- (J-*^' ^-^ 3 J- : * - 4-C-J-J-" JlaIaj 
(J Jl-UI JjL-uJI (J^JlJ) JjL-*-a -il-ij-J < ( y t - V ) J^ mi 11 £_ 4^e_tIojJ,l < Aie-Ja U ^1 j^-> Jjj-J 4-C-J— <-" 

.Jjsj>JI «l3j <Lc.j-<-u ^^JLlILj -sl-sj-li ' **^jk -"N 1 

:2_ M^-a fft^=3LSel?l £_ i-LCjJI ^1 liilj f-^-jJj .iloj-uijJI ajjjJI oj * J .; .' ^~ l "' r*^^ a-iLc < LJUjlJI aLp^l ^.J 



. it . 









jnirtiTtt 




tljJL.1 



j;U r U -J^ 



LJ^-V 



p^IKK 




;jU .£)> 



a-^slJjjJl^JI ajjIjJL! ^UjU^.1 ^uj ( ^ o . X ) J^=3 £> 



.til! jj 4_ajlJLs «*-3*'j^ («-J ULls Jai*]| 
JaJt-La x-ajj-j dUjiJ .(JjLuJI (jLj_uJ 4_ajlJLo tlaJsJl 4jL#J <4r S Jiaifc. aJtl £J| ala ■ ■■*' «L^3j^><j (_£ JJI (J^>J| (JlL^j j 

2* t ljU,„VI Li!j^elu^ 1 4_ajL2il <>Jl& ^yJLl l_J.<lU 4_aj}UI 4-C-lHI ^J I J U3J ^cv. JjLjiJI 



- to - 












. aj_ll Jul £.l\j>.| xJoLHJ, ^ La i u ■ V ' AajjjJI ^j-* 3 2 Ju jajijjl a Ju*-"< i n" a 
tt—iJ? n"< ( na .a >jI JlJj ■ Laj-LaieliJI (<s_<jj>JI (QjjjI ^-t^sLuul (JjIL^ILI jajjjJI a) Ju*-"< i nl JuX. /tjLul aol Jul /r"! J^lLaja 
x_a 4_jJjjJu-JI ^ ^ La ' * ' Cj1_Jj^3uo (_£jj_JLo *§_ I j I ^<» aj ^— '<*j I j AM IAj dlJjL^aj ( " ' I *' a ^— ■ -t 1 1 4-flllaeJLl jj^ijJI 

.4_uLo^a_uj Sg^auiJaji Lufc ' " 1 1 aa.La.La jj-SjO 
J) j , ^> A tl i§_ (jj/jjj ( ii U 3 aJLd -t^— ■ CjLJ^^aJU <5J_4 jj_ajJ (jlaj^LJ Ja a3 /, A"-^— ■ > a Ju^-jJI <5J_& ^-Jl-^J «§_a 

. _ 4ill #.Li jj _ ixjLUI 

Ll^a-JajjL^JI SjjIjJI aIjuWIu-uV '"'I A^,,U"tl j^f Jl^j ( ^ 1 . T ) J^lAJI 



Operator handle 




Cylinder 



^U^a-JajjLfrJI SjjI jJI >l JltcI^V ^ aj Jaj JLla ( M . V ) J^— 



- in - 













. 7z La oJl JolJiJ £sL^= ^^yJLl P LJaJLuaJI I jui> 4-^ja jj^— " < 4j iLa-pJll 
. t^j*— ij!jjJl-v!I (jiij^— 1 U slj^s* 2 Ja 1 11 j a (<S-<-uj (JH-^J ( W . T ) (J^~ 1 r*ii 




■^ij^Vo"j^'-l( W.Y )J^=ui 



JJ /»j U<* j. .. 1 «^— ■ * I j L>.|i I ' lLIj -r~n J\. ""j u ^— 1 AJlala m) £)— « (j ^~~ l j ^J?J ' ^ r ' ' (J " ' ^~ l U (JJ ^~ , "'J 
L-L5U £ 4jt-L^ qj Jj a^jJLi^sJI SJla La 1 u VI J 1 ^> jj j . Q <5j_La^ ^j ■■ 1 ^— 1 a I j La»li ) 1 lJj-j^jj Jj oj-JLt^s 4-ll ala 1 ulj 
(j -j^-i ^ lJj^cIuj . (jr ^3LjJjjJ_ufc C^jj iOLC (ja^aj (_£ JJI (J-aL*JI (JjLjJLi L^jJlCI i ng < A !j^ '^— 1 II <GI a la 1 uif I 

. D,a. iyJ£^=3 fj,i < _ y jLjJI fj-Jt o-a pljj aJlcLui^J B ^jJLuaJl 4JljU mVl 
. Pj JaJLIaJl (j_a ij>oLJ r J ej_J3 Q jjJL^aJI q oj ^— 1 1 ^ lr jiij" 1 n a 4 Q aj^ p'j 1 -^' ^^ (jr^ 1 ^ '^^"' lijj 

: (jr Ji (^LiJI pj-i-I' (V« pu 1 - 1 -^' OJ- 1 ^ '-. '<«"*' 2a2Jl <jJl& 4-<»_l3j 

- iV - 
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«=£ = F ' 



A 



^ A 



n 



d' 



4xF { 

7TXd 2 



K 1 * J 



/Jl t J-L(-^ aHJl s-ujjla^a A ~- i ia I . ' (J^L>- (Jl ^— i i ul ' (jajLJS <. i i n~>» ,_j>.jL>. i La * i ta ^-— i i La * 1 2a 1 ' ljufc J^~ ' '"' 'Q 
: (^gjLaijj jjj^-i!l (j"j^~i U (JT ic j3jj (jjJI (jr a> r2 aj^il tjLi (<JL«JI «L^a jjj^jJI (jMj^-iU 



R=f , A=7 ,£^ = ±J^£^ = Q ."P i 



2 * 1-" x 2 M 



4x^xJ' 



£ J' 



:(jl ^1 < iajLaJI itaLJU '£- L y±^sX\ ; r lA^ J_aL*-a JUoL jLJkiVI '£- I jla J^Jjj 



F 2 =£xgx 






oLc (_^jLujj ^^— mIjjJl-uJI (j >ij^— i U ag.1 h^—> (JjoL«jo jji 9 c~^ 



0.85>£>0.80 



- ih 
















v 1 


1 


, OR 










1 1 




v l 
1 


, OR , 




— 


i 


iaaaaaa) — 


vvvvvvu — 


, OR 


iAAAAA 


A 


YVVVV* 


n 


i i 


WWV : 


1 


, OR , 


vwwv 






Single-acting cylinder, push type 
(return force unspecified) 



3. 



OR 



Double-acting cylinder 



JT 



Single-acting cylinder, pull type 
(return force unspecified) 



Z*L 



OR 



Single-acting cylinder 
(spring return) 



^L 



[3 



Z*L 



Single-acting cylinder 
(spring extend) 



W^ 



Double-acting, double 
rod end cylinder 



Double-acting cylinder, 

cushioned one direction 

(fixed) 

Double-acting cylinder, 

cushioned both directions 

(fixed) 

Double-acting cylinder, 

cushioned both directions 

(adjustable) 



(JjuaJI 4_>-jJij_aj . a JjjLo 4_uLo^-U j 4_l^3ljJjj J_ui dll Jljla • u) jj-aj ( \ A . X ) J^— ■ "■ 




Compressor 



Pneumatic pressure 
source (simplified) 




Oscillating motor 



Air motor (single 
direction) 



Air motor (reversible) 



4_uLo^-uJI AJaLLaJI jJjjjso ej-fr>- 1 jj-aj ( W - Y ) J^~~ ' ■ 



- M - 









jrHrt^Ttt 




-9- 



1 4«e^'i 



Filter 



Water trap (manual drain) 



Water trap (automatic drain) 



Lubricator 






Fitter with water trap 
(manual drain) 



Filter with waiter trap 
(automatic drain) 



i r 

i 



> Muffler 



da j 1 1 >i t, I sl^jJI **Jl6~ °j-&>- ' jj-^J v ^ * - Y ) J^-~i ' 



^ 



Pressure regulating 



Pressure sequencing 



r" 



^ 



Pressure relief with 
external vent 



Flow control with 
reverse check 



4-Cj ( nil '2— p^— — "It Lul»-j^UI 5JiJL>JI '"«! aI ^ uaJ|j ,Ui ,^tl js*. (JliLaL^-i-a jj-aj ( Y^ . Y ) J^— 



_ . _ 
















J 



Filter-regulator-lubricator (composite) 




Filter-regulator-lubricator (simplified) 



Ja j i i >1 1, 1 sil^U jl JlC^Ij C^JJJJlJIj ajULUI aj-4^-1 jj-^J ( YY _ Y ) J^— i i 



FHL 



On/ofP 



Power 



£ 



(^ 



Fitter 



On 



Return 
check 



Muffler 



Y >(. 



Flow 
control 

valve 



^41 L 



Single-acting cylinder Clamp 
«.l^jjl jIJlcI aj^>-lj p*^~" ' *- ' OLaL»x<a (jyic ^jILso 4 taj ■ u ) 4_uLo^jj ajJlJ ( YY . Y ) J^— ■ "■ 



Z:_ 



a& 



ars 



:Hr 



T\HTTTlt/T 



W 



-All -p It/t 



4-WAY VALVE, 4-PORTED, 
2 POSITION 

4-WAY VALVE, 5-PORTED, 
2-POSITION 

4-WAY VALVE, 5-PORTED, 
2-POSITION 
(PLUMBED AS 8-WAY) 

4-WAY VALVE, 4-PORTED, 
3-POSITION (ALL PORTS 
BLOCKED IN NEUTRAL) 

4-WAY VALVE, 5-PORTED, 
3-POSITION (CYLINDER 
PORTS OPEN TO EXHAUST 
IN NEUTRAL) 



4_pLo^j_Lllj 4_^=ljJjjJi_uJI A-i^pwjjJI '**'' aLq-i^aJI jj-«j ( Y£ - Y ) J^~~ i "■ 



- ©^ - 













^ 



Push button, palm buttom 



Lever 



Pedal, treadle 



Cam stem 



Roller cam 



^ 



-E 



One-way roller cam 



Pilot 



< 



Bleed 



1^1 p Differential pilot 



{n 



Solenoid (direct acting) 



EZE 



Solenoid pilot 



A -^-^j" ' * "* Cj^n t mi a jj-«J ( YO . Y ) J^— ■ "■ 



- or _ 
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: JjVl JI>uJ! 

.(jj/LSJll i La » i ia 1 1 j « Jai uaJl <— 2j^. ( I ) 

3j2J *)}UI ^^jtjjjL-frJI *_jU,I iUti^> qj^-ij C^ 3 ' 7.5cm Lt>jU> Li^a^j^juA ^JljU.J (<_i) 

.jj>Hl ..M.^sti ^ 6000N 

5 1 Mpa (^jL^j (jlj^JI ^U,,. ^ Jai^aJI oL^= I i! 1206 kg/m 3 <oiali^ 
. 95 kpa ?j_2j (jiajjLJI ) ^>>JI iU*<MI ^Lia jf <j^ 4-150 kpa iU*<MI ^Lla ?j_2j (j ) 

. 999kg/m 3 *UI iali^ j± .101.325 kpa ojai ^ ,U;,M ^L^Jtl *U! jj^ ^UjjI l.,.^1 

. JjjjjJL dUI cJjuTu-ul I Jl pLajjVI j_& La 

.10 3 kg/m 3 4J^lii= *Laj 750 kg/m 3 4J£ll= lUa; ^LjL^ ^>l>o tjj»<l\ iU;.MIjjib ^11 r-jila o'j^ 
,_£jJ t^itaJLl .U;,^tlj (j^LaXI .U;,^tl j| jLia t_(.Lo.^l < *UI (3>3 2m .UA;tl (j^cj 3m *UI ,3*c. jl^a I jLa 



, lbar (_$jL<aij JuLaJI (_£>>JI JaJt <^tl (j\ Laic . (j1j^>J1 S JicLs 



u'.: rtiss 



2m 

• 3m 






CjOJI (Jlj-UiJI 7C_tijJ (J^~ i 



-or. 
















-* 5-cm diameter 



Check valve 



(I) 

.iaLuiXI ^^yJLl ajJiJI jjfc i Lai L^aJI • 
.(_£jj>JI i La « i hi 1 1 + (jj/LSi,! JaJLiiajl (_£jLuJ JjHaJL I i La » i ia ' I • 

: 4-a-l i ii U (jj-"^ aj-SJ' 4JLi i La i i a 1 1 i_kjjju jjjo 



t^jLujj AJla La i ■■*' * La 2 a 4^>>1 i u a £j\ i«i. 



tt „ 9 ;r 



A = ^-xr 2 =-D 2 =-x(0.075) 2 = 0.004418m 2 
4 4 V 7 

.-. P = 600 ° = 135808Pa « 1358£Pa 
0.004418 



- ei - 












(^) 




( ^ ) JjVl Jlj-^J! ^-«i=jj J==~i 

P = P,o P +Po i ,=P lop +(pxgxh) 0il 

P = 1000000 + (1206 x 9.81 x 7.5) = 1088704Pa = 1088.7i<:Pa 

( J) 

(_£jj>JI i La » 1 2a 1 1 + (jj/LSJLI JaJuJaJl ^jLuiJ Jj I La 1. 1 i La » 1 2a 1 1 

^=^+^=150 + 95 = 2450*1 



t^lSJI JI>JI v^ 



P = px gxh 

101.325 = 999 x 9.81 xh 

, 101.325xl0 3 tn „, 

.-. /z = = 10.34m 

999x9.81 



(13600 kg/m 3 ^a J^JJI ^li== jt ^ ) J^JJL *U1 Jljui^l UL, 2_ 



_ 00 _ 







7? = yOXg x/l 

101.325xl0 3 =13600x9.81x/z 
h = 0.76 m = 76 cm 






p = p + p 

1 gage l Oil ^ 1 W 



p gage = (2 x 750) + (3 x 1000) = 4500Pa = 4.5kPa 

: (jlj^>JI SJicLa (^JLc (Jimi .U;,^tl La? 



p = p + p, 

p = 4500Pa = 4.5&Pa 

p am = \bar = lOOOOOPa = lOOkPa 

:.P t = 4.5 + 100 = 104.5&Pa 



(_, 2 La a 1 1 1 (Jj-^*- Ajj^*JI Jlj>-Li (|^J » '-•* II 4-Jl a-La ■■.VI < jr -Lc 3 2 i La I . I aj_3JI ) -T J aj_SJI jl J 2 a jLjsol /j ^— i <\ ) 

: 4-lIc j i_2jj«j I n^-" 1 Ij-a-t^a (_^jLuiJ a I < ■*% A 1 1 (Jjjv. AjJ^I £jV j^'^l' ) L^jIjI < u aj 

(0.33m)(100 N) - (0.03m) F t = 

0.33m xlOOiV^^ 

0.03m 

*. ajJiJI (J-2-iJ 4 La-4 ui-ul 4_jJjjJi_i ( JI ajjljjl 4j_}L*-a jj-a 



_ Ol _ 













F 2 A 2 



F x A, 

Pi = P 2 =P = F,/A,=F 2 /A 2 
F^P^llOON 



P, = 1100/A, 



noo = noo = ^ 22xl()6 jv 



*rf 2 



m 



Pl=P 2 



F 2 = P! A 2 



/<; = 6,22 x 10 6 -^r x - x (0.05m) 2 = \2.22kN 



m 



2 4 



- oV - 




4JJJ-* uJI A ;UJ-»JI A ^— U U 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 



jjl^ri^jJuUwLw! 









1 




^' 



^ 



j*<** 



^\ *-""■". 



^ji ity— j^ 1 fr^ 







t(_ y l£. Ij-il^ OJ^~ '" s^ 3 *^' "■J L * Jo^~i" bsjiic 



. JajLtiaJ | j «_<j3jj| (^^jILsLLi <— il i ii-v - L^Jl i n~>» 4_uLl^=j <— il mio f-^Li ^-^aj-^-H AJsLLs (ft.#3 O 
J-3* - (^j-jj-l I Jljjs ) JaLLua ''N 1 4_LL2JI jjlL fJaLq-U j <T< 1 n U <_jL-cu_J}U SJaLLaJI 4_!.}L*-a r-l"i" ml O 

/ A * (\c ajl ju>JI <jJl& jjL2j| 3 1 1 uj j_J2j V (j| 

. I j~ 1 -'j >j 4_^=j^>JI 4_JL>. i§_ »_)lji,l (j-uljJL) 4_La^jJI flLpJI 4_lLoI tla-ij . 1 

: SjlJLfcll ul ilh7< 



_ oh 













J_t£. .*-jljJU 0jufc 4_^=J^V. (%C. <U>oLiJI ^ ll itAJl ^jjlllj 4^3^cILll X-j'jJU (j-UI^JS 4_<_uIjJl) I ^— I JLA I L ^JJ JUtJ I p" j**' 

Types of Fluid Flow jj|^!uL«Jl£l>ii 

<JliljLiJL^3 jLiuTuVIj (jM-ujiU iLLiJI jljll icjjjjjta ^yA «ljIjIIj fjlj-ll ^^— j^- 4JLi <— iIjumVI <-3jJU 
I jl_3 i 4_j»-j)jJulj i ill ^-— '"^V I I jj j ■ ■■ 4_ajlJLa (Jl (jlaj-CiJ 4_JL3 ajj_<-uLo (J^L». x-jl_a <— ll j i n )l J_L»^ .(JjIjjjiJIj 
(J 9_la /_ ir 4_jjl alLa i La a La a. *2_ ^_g !> i u s i_2a_<_u x_lU,l (JL3 I i >> A-*- i n aja_<_uLU (J^L>. x_iU,l <Lc n_<_u i La i uaj « (jl '—■ \ 
4j 1 1 n ill I j » fl I j i ) i La flli >iJj 4 -t Lali I a a jj i a ) LfJj^ejj *-jU,I (Particles) <-l)l gj i n-w ^jLa <OL>JI o JJt A.J ajjj-uU,! 

<— iLi n <1 jl (*j jLa <— iu i n <1 4_JLi xjUI <— iLi ii <l t_3j^*j 4_!L>JI <5 j_a> *|_ . I j"'^~" i j^- *■!— Si *-LaUm < ^"->" l?-^ 1 
SJojlx 5-*ji (Jl iLa ...j~ti icj^l sjLj ui> 2_J < - ^ - £) J^=L^i ( Laminar Flow ) Cr aJa jt c^^j 

<— lL i n 1 1 /-^-m-j 4_JL>J| 0J-& A- .4_j_alj_} <Jllljl_U 1 <"i P< i nj 4_*JisILLo j_<_C Zj j I ^> ' Li!j..jrT( i n ^-jLH <Jlll <aj i n">> ^jLS 

.(c_i . \ . £) J^i.t. (Turbulent Flow) t-jjU.^U c^L^Vl jt ^^IjjJI c^L^VL ^U! 




C-JjUi^U (jL>uJ! ( c_l . ) . £ ) J^a. 




^lljJI ul^—JI ( t - ) - £ ) J^=u 



_ e^ _ 













i Fluids in Motion pl^l^Sp 

j^i Jl_Lc 4X.j i ii tlj i LaJ> »^> 11 4_JL>. tjL^ ' ^-dj'3-^ '^J ^** 4r i-^j-se^ (JSl 1 " tl CjI <ij i n ■»» (j| ^pal^laLi 

J^=lAJI jJaJl < Steady Uniform Flow ^1^ p u-, ; a c-iL-uul isr *-u±i l-iL-uuVI ^ p^lJI I jut s^^^ 
^SUI d^n^ icj_^ jLa (Convergent) ^V jl ^jLsi* Sjj_^L> 4. j^LoJl ^LuJl lij b>l.( 1 .Y . £) 

K-LaiLa (_£l Jl_i£. 4-Cj i n tlj , U» ,^ tl 4_JL>. (jLa 4_iLlj (<_i .Y . £) J^— ' .'r.tl j U'.l) (jL^ mil <?L>ol )|_ Juj^ i_3j_<-u 
0J-& A- <—il j 1 11 <V1 (jL-3 (J^jlXI » La-Si, I J_Lc 4_1ju ^jj^— ■" 1 u **£-j "i t'j 1 La » 1 a 1 1 ^jl ULLaj jj-^aJj j<l U"" pj 

.(Steady Non-Uniform Flow) j-Si^j pU-^^^A c-iL.,.^1 ^c-uj 5JUJI 




^ 



laj I a )-<-£■ 9 ; Sj 1 u « (j Li ' 



(c-j.Y. £ ) J^ui 




-A IV', '< ^ A t --l" , ,. <\ ^j|_) 



( I.Y.i ) J^^i 



Rate of Flow «}Li>«JI JJUw 

4-jJij.q.tJl 4-3*1 in U » LaiiJ (_£JlJI *-jLI,I p-^*->- o|-^ ( (Y . £ ) J^— ' .^. Tl '£_ I ^^— ajjjjjLa £_ *_jl_a <— ll oijj Lsjii^. 



SflSS8??E?^SS?.- '■',"■' """ - -" 



- ':::'... 




* La 2 1 , 1 4-a»l ( na £— 4X.j_ujJI ^jLujj (jr «j3tr»JI ^jLj-mll (Jjui-a ( Y . £ ) J^~ ■ ui 



_ 1 . _ 












V 



X=A Q 



(jljj-ljjl (Jj-J-fl < l 






^a^j| x iali^Jl = ai'^-ii 



m = V x p 



m 



p x e 



tjLjj i n ll (J J_*_a i_j 



0.6 m/sec L&jjus icj-^j 1 5mm L&jlai Bjj-^Lo 4- *UI c-iL^ 



V 



: ^-*^tj>Jl (jLj-ijJl (Jjm-a 4-!.}L*-a a) Jiir" i 11 Li 

x = Aq 



Q= * (0.015) 2 X0.6=106.02X10~ 6 m 3 /sec 



1 1— Ll^=3 11 ^jLj-ijJl (JjuLjO a) jjr" i iiLlj 



m = p x £> 



m = 1000 x ( 1 06.02 xlO" 6 ) = 0.106 kg/sec 



-■n . 













Continuity Equation ( 3j)l>«LtfVI ) jljaLaVI 4J:Lw 

4_uIj]I £- (Mii-a 4_ul^=J,I jLla^L) a jUI (<«*->■ (_£l < jr Jt^>JI ^jLj-uJI Jjn-a jjfc *sj?tr>JI jj^— j LaJiJ£. 

: jLa 4-JLij 
m = p! x Ai x vi = p 2 x A 2 xv 2 

o>>1-3 jl Continuity Equation (JL^jVI < ajjIj-Cl^VI) jIj-cTl^VI aJ^U^j <-3j_»j La ^ iSjLoll Slim I 

. Law of Conservation of Mass 4±^=JI .^a^. 

, Ul » , ^ \*s)i t LLLUI ja_C f— iljil 4_JL>. 2_j » Lai aXI f— ic>- Jl-i£. Lbli jj ^— j (j 1"^— tl !j[jj in 11 Jjljla tjl ^\ 

Pi = P2 = P 

Ai x Vi = A 2 x v 2 



0=G 2 



: Jl— i> 



(£ . £ ) J^AJI 4- L*^= (Converging Pipe) 4_aV i-ij^l 4- 1£>"^ ' ul; '^' , N t J_)Laj_<-c. jJiLa 
tjLj in tl Jjljla jj £=a lil t 0.15m rj_Jei,l ^— '<*■ n j talj 0.46m J^jJll jlJ^. <5j_Li lSj-jI-s J— La-S^s Cili 

.r-jJ>JI jj^. ic.j_ijJlj jji. jJll jL-i£. ic.j_iJiJI <_ r (n-»> I 1 0.3m 



v, . 




JLUK £.£ ) L L4=u 



-IT - 













vi x =Ai Q 

.( £ . i ) J^~* '*"'' ^- Ttuusaji ajfc I ^^-— ) J ^>. Jill K-LaiLa J_lC ic J-i-aJI > )1 i n~>» ^)^~* 1 ' 

v,- A 



".^ta-JL^a L^jI i n-w ^j*^— i 1 ' Aj (J^i^jJI * La-La Jiic 4_3*LjJ,I (j^aJj 



A 1 =^j 1 2 =^(0.46 2 )=166.19xl0" 3 m 2 

4 4 



•*.Vi 



0.3 



= 1.8 m/sec 



1.66019x10 3 

.4_2jj_LaJI ^j ,.A < i ^jjJ»Jl * La 2 a J if. <Lc.j_cuJI 



U ^" 1 ^ 



v 2 



_ e 



0.3 



f(0.15 2 ) 



= 16.98 =17m/sec 



^yt » La a 1 , 1 Jl_i£. C-cjG 






A^ vi = A 2 x v 2 



■v 2 = 



Aj x Vj _ f x dj XV; 



fX^2 



^x0.46 2 xl.8 / 

• vo = J 5 — = 16.93"/ 

•• v 2 ^x0.15 2 /sec 



. ir_ 












j.^-.« 5cm ^li.1 jJl <jj_Wa j_kHl ts>5b vj-P^ 4- 998 g / m3 4j^li^= ^jJlj jjLJI *m ^j^j 
Jjljl^ 0^-== bLa 3.75cm 1 p^ia J_^= j_Ljs <j-\jj^?t-a ^1 pj-aij ^jj^-j i^ji-Jl 7.5cm oj-Ljs j-^T t-i^jL 

( o . £ ) j^-,,t,ti 2_ u^= 0.15 m 3 /sec JjVl ^^Vl J^jl* jj^ *m <jL»>" 



:(_ u-ua»l < 



.^ISJI c-i^Vl ^jJS 4-J Jj^' VJ^' 4- Q^'^n O^L*-"^ J'A" O 
.^1511 ^>>J11 ^J^ 4-J Jj^' JLH^' 4- ^J— I ' '.""^1 o 




JIHI ( i.£ )J^=ui 






«!= pxAiXVi 



m x = pxQ 



m 1 =|998 A ' 5 / , H0.015 m 



/m 



sec 



i%, 



.-.,«, =14.970' / 

1 / sec 



-1£ - 












: Ly A SJL-o^ll jIj^Tu-uVI 4-!.}L*-a (^raJj 



mi =2xm, 



.'. m3 =}xffji 



m 3 =1x14.97 = 7.485 



*S, 



sec 



. J\\ 4j>.| i ii U (_ i i n*>Q 

A =1 fxd? =f x(0.05) 2 = 0.001963m 2 

Gi = A x Vi 



^i = 



e, 



0.015 m / , 

0.001963m 2 /sec 



^LUI ^j^J.1 (j^j-S Jls^I «f_ ^-J-"JI <_)Ljir»Jj 

A3 4j>.| i 11 U (. < 1 n ->o 



71 ^2 71 



A 3 =-xj; = -x (0.0375) =0.001 104m 2 



v 



<9 0.0075 m / / 

_ Ml = /sec _ 6 76 m/ 

J A 3 0.001104m 2 / sec 



_ no _ 







: Energy of a Liquid in Motion djjfiH! JjUJI £aLL> 

1_L& iJsLL 4_ai^3 aljLJr" ml rjl < «£2LL jLrlfl 4_ajJ J}L>. 12 Li >L*£. J-*AJ (^JJI JjsLJI ijLaxJ^U JLflJ 

"the capacity to do JiAJI jL>o^ Sjjl£JII LjjL aILLJI l-£jju LuJr. ^Lj-mJl L&Lu^ «^» LaLw j.'l^j 

. work" 

4_iLlaJlj i-uL^i^JI iJsLLaJlj 4_jjIj^>JI i^LLaJI (_dLufc JLUI j-u-i-u ^i*^ < 2*1 Ult JL=3 utt a JlC t_dl_LrS> J 
»jj^— "t tl 2*1 Utl Jl^— .*;.! J^— JajLuaJI AJsLtaj ^^— j >JI iJsLLj auJsjJI ^LLsj Ajjjill *2I kaJlj ^jjLj^^JI 

. JJLi (J.**] a jiir" r n~ i_2jjjj LjJLa (. i ( iiLUI j i-V ( n"ll <jiijJe^u La I jl LjJI £— <-dj" <"." 

•.^jLa jJjIjjjJI ^jLj-ijj <0L>. £— j 

. x_t^^JI 4JaLL 

. .U;,^tl AlLta (Y 

. i^aj^JI £sLL (T 

. jLicVI '4- "o^Hl 42LLJI JL^uil ^a 

Potential Energy : j^jJi'-^Lb 

Datum <>^*-a jL ml Ja -^ <j-c Z L^cLajjV ii.n J m JjI m II <j_a 3 L^a I ^^— i- M " ^-ji 42LLJI ^ 

tiJbJI iLsLdL j^yi aLL ^j-clCJI o^-.^ .(1.1) J^n .ill 4. L^= Line 



Potential Energy = «_^yi iaLL = mxgxz kgx — - x m 

^ V sec J 



(_L=J x_ti=yi £sLL L«l 1 "J "ljL^o.1 jf M Joule" " Jj^Jl" ^ *-^yi £sLL ^1 jl^j jLa SJL>JI Jla 4-j 

-.ixJLJI 4jjL«IL ^ La »" L4JL9 JjLjJI (j^a Jl3-Ij aIj^ >L^= 



_ ii _ 














... jLLjI ii datum line ; ; 



JjLluJI ^ HI Sl-^nt jjijjl £aLla (1.1) J^uS 

Potential Energy per Unit Mass =gxz 



'J^ 



kg 



v"-5 y 



Pressure Energy iaA^r^Lb 

(JjLjJI I jut tiLj^elL! (J-i-ijj (-dLofc (jLa (j-L*-a oaJLiis c^r>oj ij\jla <_jj_uI *§_ LjjLjj (JjLjJI ^jj^~*j Laj_Lc 

g = Axv 

:^LHL^= J5LJ1 ,^lfi J^*aJL! (work) JiLUI uLud. 
Work = Force x Distance 

Work = pxAxv 



work = pxAx — 
A 



work = pxQ 



-IV- 












m = pxQ 

work done per unit mass= 2—~- = —\ J / 

pxQ 



p\/ k 8 



y, i^jst-jL^a I J^^JI U-& jL^iyi a1>>- jlj^ll JiAJI ciiIjl^j jf (^f 



(V) 



jjjjLSJLi <. r ( ii -»o Jl»-IjJI f*lj-»- jia^aJJ ( dajLtiaJI (JiLlu ) daJuiaJI AJaLla ^jLa ^LlJLij 



Pressure Energy = ,u;.Ml £aLL 



P 



Kinetic Energy •. 4£>*Jfii3Lb 

tjjl in 11 (j^a 2 1"^— tl oJLjfc jjLa i V LfcjJuS 4 -t tali I a 4.Cj i u j m LfcjJuS jJjLuJI (j^a ilH^= tlij-i-u I J| 

.( /4 xmxv ) Lfcjal (dj^-j^.tl i^LLaJLi ^-Sjjlj ) Lgi^=>j^»J Saxu iJalia <_diicj 
Kinetic Energ = V2X m x v 2 



Kinetic Energy Per Unit Mass = \*v : 



O^ 



% 



v^y 



_ \h 






1 1 La i i ia 1 1 4_J3Liaj < *_<JajJI 4_J3l_Ls pj_*5t<i ^,_<i jJjLuJI £ya Jl^Ij a\ja.j1jl£= ■ I j ^3 b 1 1 (_y-J1 4JsLLaJI (jl 

:(jLa 4-lIc ^^—-j >JI aJsLLsj 

it 
Total Energy Per Kg = g x z + — + 1 * v/ 2 

jjfc jji-T J^— iSu I j Ig jooaIII ij^=> 1J (1^3>>Jlj LLaJLuaJlj *uiajJI )Lfcl_&jX. ^jJI Aj^HII ^LsLLaJI Jl^— .*;,! £j| 

:_j «-3jju j (height or head) ^kJI /\ c^-uJL <-s>«j La 
. (Potential Head) ^,ji\ ^k. jl 1^4^ o 
. (Pressure Head) ,u;.mi ^i*. ji c^ o 
. (Velocity Head) Xa^uJI ^l*. jl cuo o 

p V 2 

Total head Per kg = z H 1 

pxg 2g 

-.^LlJL^a [#}£. j-l.lCl!I jj^a-o iajLuJI aJ^LaJLI jjLa <jiiIjls-jJLi 



N m 3 sec 2 m sec 2 



Total head Per kg = nn x — x 1 x 

m kg m sec m 



:0>t5l 



Total Head Per kg = m + m + m = m 



_ ^ _ 













Bernoulli Equation ^J^jjj^jUm 

2 alUtl) x_tiajJI iJaLLaj ^^— j >JI iJaLLaj , U» ,^tl £sLLa C-jj^jta jjl I^VI ^Ir ;j -»'**' ^^ajj-i ^jj Laj ^jl 

lil i j\ i ii U tiUj (Jj-La ( jr -ic * LaJLa (_£l <\lc QjL) (J-lisj (j-\_*-a jl i na A- (_£j_ijjJ La *_jl_a (j_a pj i n->» (_£2 (A-ii^a ll 

* LaJLa (_£l J_t£. CUjLj ^jLujj *_<JajJI AJsLLa + i^aj^>JI AJaLLa + i La » i a 1 1 AJaLLa 



: 4_p VI SJujuaJl ' ^y" La.2 ' JulC I gJLuiaj Ji_t£. ,_] j-ij-i 4-J_}Lt-a 4_iLl^= ^j^— ■ a ' 



P 2 



^ + ^ + «z 2 



P 2 



.4_Iulii J Laj 4_JL^=JI <LaLLaJI (j ^— 5j «_LaJm i_s}lli* Li i_oJbi»o (j| (j *^— oj 4 SI LaJI oJ-& Hj-JI O^-J rQ-t-uialll (jl 

. X-jljJU (jLjj_<jj *§_ '**'' ^j iU"tl ^j_a j_JL^= (_L->- *§_ ^JjJj-l a JlCLS a jJr" i ii" 




■ . .:.... 

(—1 J-ij-J AJjJisj t j-txIaJ ( V . £ ) J^— ■ ■ 



(jlj^JsJI jj_a 4_i_uL>. 4_jrelt3 J-i-C- L$J ' "J lP" - "" r 5- ^^ (_£>J-Jlj ( V . £ ) J^— ■ "■ ll *§_ Tc-jJajJU (jlj^eJJ Ljj-kaj jJ 
. UjojA tiaLSjJI (j^- 1 j'V. "' U*^"" 1 a, ' (j^j-ij-i <bj_kaj . 11 (JjLjiJI -»■ La i - £>£■ ** selLaJl Juljj V LijJu9 4_Cj_<_uj 

.C JLic U^aJI AlLLaJI =B JLic 4,1^11 £sLLaJt = A jdc 4,1^11 £sLLaJI 



Jf 



p ' 2 



A +^ + gZ A =^ + ^ + gZ B =^ -;- + gZ c 



p 



P 2 



- v. - 







(j-ul—A J_Lc LfJ^elu Vj CiJLi *-jU,I (ja I tia J I j fl La ^jLuiJJ O Jt_Lc ^j '" Mj 'Jj ***' J * ' a L$J' ' "" A. J_Lc 

. (j-i" La.2 III 

i 

2 



O + + gz, =^- + + = + ^f- + 



P 



dajuuo aJsLLs I j^^-" 1 4j3LlaJI B * La 2 1 II Jilcj f-<-i=J AJalia I j^^-" 1 AjSLIaJI A AJaJilll J_t£.j 4JI 7r~'<~ t a < J-^T (jr i*^j 

: ^tl"tl-^— ^jj^jj.) il^m 4_aL*JI ajjj^sJI jjLa 4jlr . a^=ijs>. iJalia L^i^a i^LLaJI C <Us;tl jj^.j 

p 2 p 2 

JjjA ^-i " U ^ « 1 1 (j^j a \j AAt I iaLLaJu Ljjj /g la ***' V 4-2-iLuiJI I j~JJ ' -^ ' ^jJj-1 <U.}L*-a jjl l_L& j^= JJL) j_jJir»JI 

•.^LlJI ^*_l!I ^^yJLi (>oia2l!l (j^i A^UaJI £_ jlSjUI jLJkiVI '2— Jl»*liJ ^^jj-i itaU-a JjJl*j j;^— ij 



2 2 

— + — + # z a = — + — + s z b + energy loss between A and B 

pi p 2 ' 



: JLJU 
1.52 m/seC LfcjJuS 4-Cj-<-u Ja^-ujlftj (j;j^=j_a ( *jj^"' ita^J. jb»JI #-UI rL^ 6^-^ 4- -AjM' *^' J^^ 

jj-a cr^ 1 ' ^L-uJI *LU e-ij-ul (jL^= 131 . 9.14 m/sec L&jjJa ^j ,,.,u ...j-,^ 4-La^LuJI *UI £>->oj 
jl^ .2.339kPa jjLJI *U1 ,U;^ 0^= 'M o^l—M *U1 -ki^ j^jj . 15.2m ^UjjL jjLJI *U1 c_^j 

S. 993 kg/m 3 ^LJI *UI ^Li^=j 998 kg/m 3 jjLJI *UI ^15^, 

: eM 



- V> - 







A 2 p 2 2 

2.339x1000 1.52 2 n 01 n P 2 9.14 2 n 01 1Z .„ 

+ + 9.81x0 = ^ + + 9.81x15.2 

998 2 983 2 

2.344 + 1.155 + = -^- + 41.77 + 149.1 12 
983 

P 2 = 983(2.344 + 1.1 55 -41. 77 -149.1 12) = -lS4.2KPa 

: ^J^JjJ 2tfaLw ^ uULulaJ 

: 4-g.j dill Ja » ' a j ^^— jjb ••■'^t JaJLiaJlj /-i^aJI Jai uaJI 
Jai La lj-j|j ^^— -^"1" - ■■'y t JaJLca-JI pj_«j^a j_4 4_JLj dlj-xlus *-jLo (_£^ ^ 1^— ■ tl .U» ,^ tl <_2j_*j 

h t = h v + h s 

JaJLiIaJl <_3j^*jj . 4-Cj i ii tl Jai-La j_4 ll v j /-^jljjLJ • a VI JajLLa llj-A fl s j /- L^= i II JaJLIaJl j_4 lit C-— p> 
4_J3Llaj .4_^3j^>Jl «.l_«j| x-jHI JaJL-La j_& <Lcj_cu_tl Jai-j a J CjJ^~ ' ' " iJ-ii& f-jL-ll Ja-i-La 4_JLi : ^ £ — 'j"'"' ■ ■ 

^^— j"l" ••■'^t JaJLIaJl 4J3lia *_a icj-uJI Jai-tia ijslia f-j^j?ta ^jk *-jLq.U LJL^aJI JaJLtJaJ 
(_£jL?t4j ll±iu)U ^jLj i n tl (Jjljla (_il i n a»j *_iLI,l icj_<-u (jj/LiJS *|_ <Lcj_caJI Jai-La aj^3l3 d/aJiir" i nl 

: LJLlII 4jjL«J,l ijjs «-jLU icj-<-u <— il in-w ^j^ 1 — -y'a 4X.j mil Jai-La (j-uL*^ I )«U' ,„l | j| .dlj~J 



iVI 



/L=- v 



V = 



2# 



(m/sec) jjUI icj-^ ^ v 

(m) 4x.j-.-aJ I Jai-La jJt, h v 



- VY - 







: JUL* 

Ja ■■>- A- /-^3-iJLi i u VI JaJLtia llj /_ 1^— i II daJLtJa II (jj/LjJS jq_i lit . sHu J^J^p 4_Lt^=Lo A- i ^"^— ■ a Jy>^ r*^y 

S.(_j^jVl 4- *UI *£•><-" J^-jt. erJIjiJI (^ 21.6nij 22m U^jf jo*jj < ^^ n *UI «_j^jf 

. icj-uJI Jai-tia Ij^lj /-^aL-pb-mVI JaJLiiaJI (_gjl i nj /-l^aJI Jai iJaJI 

h v = h t - h s 
h v = 22-21.6 = 0.4m 



v = ^2^ = ^2x9.81x0.4 = 2.8 



m/ 

/sec 



(^ L^a 13600kg/m ^jLoj (j^jj-II 4_all=j 1.2kg/m ^jLa3 *I^JI £aliL= <^JL= lil .jJij 20mm 

: 4jjL«i,l (Jjs icj-call Ja-Lia (- < (n-»o JLHI I J-4 '£- 

gh Hg pP v = 



13600 x 9.81 x 0.02 = 2668.32 N/m 2 



••a^J 



v 2 



Pair 2 

Pa 



2 n "v 

v =2x — — 



L 26632 . 

V 1.2 /sec 



. vr_ 







(jr Jutk (Jjt mi" j I 4_ujj^>o 4_<_ulj_} (_£ V 1 j ( nL-ul j-lTl<j « (jLj i ii !' (J Jljla ^QJuj xjLXI <U1j_<-u (jj/LiJ3 (jl 

£_ L^ILii_3LLa Cu«J (jJ-J' l£-^I— (-*•' (jj-"- 4 — L -^- L4 ' ^J '■" H ^j "' j^ 3j j"*~ »■ (j-« -iJLC Ll!l_L& .x_j|jJU (jLj-uiJ (jJuiILa 

0j_& (J-J-a (Jjt mi" ^£_}l_i_a p jA~ 4_uLo^-i_iJlj 4_^3ljJjij JijijJ I 4_c-ks-)2l (^uaJ (Q-^-ll (j-^ •^J'^>L1,I 'UjiSJI '"'> Se-fl^aJI 

Pitot Tube ^jIjj m>*^ 

. £ ) (_>^3 "i-Jl •crV- j0 J-* ' i^~* 4-*jL9 ^j'j ^<^l-4J J^— ■ "■" (^yjs-Ls-j <_j^jjI £_ya Cjjajls <_j^jjI lJsJGj 

q •• £ — ■' * U <5Lr»oVI J-^>«J 4-jjL$J 4^elt3 jj ^— ■**' C-wtr»o (JjLuJI ^j^a A- <Jli^ILu (_ij_ul J^~" ■ loJI Tt-tijJ ^^P"- (^ 
1 La ^*<* a-iUtl x_a (jj/L^ILll 4_Li2j Jiic icj-coJI ^j uj Sj <J1ijILu <_j^jjI (jf ^Jl Lafc ajLi^l jJlt»oj .xjLXI (jLj-caJ 

: LJLlJI iJjL«J,l <jr ,lc J 1 ■"> --'' (Y) j ( \ ) ^"U^;tl ^j ^^jj.) 4_J.iL*-a jj;^".' 
p 2 /? 2 

j-uii-Iio aJjLlXI ^jLs . Ij»jL^ (^jLolJ «_i-bjJI AjSLLs ^j-tiltJIj JJ^-" m SJL>. ^_ JJ^— J (Y) 4-La-5JJl JU£. «-jUI 



pip 



v\ P2-P1 



p 



-r 4 ? 



I JljIJ v _ / '^— ljju 1 u VI pj_qj?e.a jl /- 1^— 1 II JaJLiia II m^j! i n J j_4 r 2 v _,^~" , _**' 1 - »' Ja-Lila II j-& rj C^p* 

- Vi - 













<_jj_uVI /- La «J La-Lu v _/'^~" ' II t-taj> LgaUl I -t j I « /_L».|jJl (_ij_uVI -j "^*J ' (jjj^=j-aj-a (j-ujjj| J^— ■ "■ *|_ OalLtxIl 



Jj^j5I ^Jaaj, 



(ju^jjjjl oLaJJI 




_uLL-uVI <J1ijILu <_jj_uI ( A . £ ) J^-— i ui 



: Venturi-Meter j^jjjAIAJI 



2'oil .xVliji.^a ^iljU , ,,T £.J_j».j r-j_ila j^>-V'j aV La-AJ-j*-! £j* us a I ** (j-A-Lajj^ita £j a jZLg 'jj ui LaJl (ja. 



^=: 



<j-u ^jjj-i <0.}L*-a a Jiir" i ii < .(^ - 1 ) J^~ ' "'" J-La- 1 ' .(j-UJjl ( n"ia (j-Uaj^ieJ, I ^ » La 2 a 4^>>1 i n a j jJLajjLa jL#J>J 

il]L^=3aa»VI £j*ji) ^aLLaJI 4- J^LoJI J-a-^J La SjLcj (Y)j ( ^ ) Q*"U7,'M 




W 



j" fl 'JJ utlaJl ( * . £ ) J^— ■ i 



* J J ' a ' ?- ! '-*' h -1 ' J ' " '** ^-Jij IJlj*. (Jj-t-ua i ill ^— ■"^V I 4^c_uj Jajuiajl *§_ JuLaJI (j) j" a jja ui LaJl <Jlilj_^a-a ^jjo 

I . ^. j , ^ -^ a! jl?-" i ii z\ x_iLi l^jj ' ' j H^j) •oyj- 1_a ^ u~* JLja ,j ' - _ '-'- a j j~*~ l£jj ' ' * j '**' * 'J ■'4i- > ^Jj^ 

, t-. « . >> II Jj >J5 /^uL/ij -m iJLLaJl i (_ul_) jl i La j La **- i I - a a i --* a> /vaTjl Ja-Au 4_i I >_lC ij ' *^~ * '' (Q.j%^>J1 CjI j *_ila.a-U 

. La-$-Lu C <-Coa jJLa jj La * La i ul aj ^jj^itlrUl Jj-t£. ^r ( ' ) ** Laiilllj ;_£ j j-ifoliij I (Ji-J-a *|_ ) ^ La.2 III <j-u 

- Vo _ 













^ ^ ^ A ^2 

Pi 2 p 2 2 



•l£j"' ' "■*■' O - "^- 1 <jr^- L^-^-^^-J-J <-iliij Jfit^> (_^jl_cuj ^ **' La a 1 1 1 (j-A- 1 >tJi«ajJI <L3LLa ^_ j-iiUJI 



/> v, 2 P 2 

A 2 Pi 



v\-v\ P x -P 2 



P 



A 



: ^"Urt ill (j^j jlj <a" ( uVI <0.}L*-a jj-^ 



:4_JLlJI 4jjL«JLl ^ La »" (Y) » La 2 1 , 1 Jiic icj-coll (jf r-llZLml ^j^— gj ^^jj-i 4-JjU.a £_ (jisj^jiILJLi 



^2 = 



2(P 1 -P 



1 *2) 



A 



1-4 

4 



.^yJjlJI (jT i£. (Y ) J ) 4-LaJiill JU£. g-La^X I 4j>»L.uja (jr A A2J A, 



J>L^ *UI oLjj-^ J^-« L-ccoa.1 2.5cm (Y) 2Uz;\\ jj^j 7.5cm 0) 2UZ1U .>> ^Usti ^m ^ 42.1cm 

S.aJLJSJlII 4-j^JL> ajj-^Ul 



:J-*JI 



(Y) Sia^lll JU£. *UI ic.j-<-u c_< 



. VI - 













V 2 = 



2xAP 



2gxAh 



--#> 



la-f> 



■'■ V 2 = 



2x9.81x0.421 



r 0.025 2 ^ 2 



0.075' 



K _^_ = V8l8=2.86») 
V 0.988 / 



sec 



:(jLj_uJI (JjULA (_ll i ii-»> ^j^— ■ i ' jlj <i" ( nVl 4_J_}L*-a a) JlJt" i iiL) 



(2 = A 2 xv 2 =-x(0.025) 2 x 2.86 = 0.0014 



m 



sec 



0.0014 



m" 



sec 



1.4-^ = 84-^ 



0.001 



m 
lit 



sec mm 



: Orifice Meter (jIum^sjjVI) i^jiJI u^-L^a 

(_£j^>-l aj_^>-l pjjJL>-l (Q_i Jt_3_3 4_dc i ' a '^— i a 4_L^=Jj (^LLa jL^>- J-A (_£jj-iiu-Lfi]l (jj/LiiLa ^jl LLL9 JlSJ 
4_!jJiILo <j*_ua_t^s jj_a *- A&AJl (j-ul_JLa lJiJLIu .4_JLc «r I A^— ■ < ^jLj , u 11 (Jjljla ^j uj ***j 4 Al^— ■ aj . r j a Laj i ■■ ) 
I j"*^' a» jij ^— u 0_ir»o ( . - fl-J 1 4_&^3 *_Lua_jj . ( 1 * . 1 ) J*^— ■ ui ll *§_ tcjJs'j j_& I n*^— i *-jHI (_£j^?ta (jlapjij 
<> *»j* Lta ll j ' <* • Lai cia ll Jjj-3 (J-"'-^,? jj J) fllXI 4_ji,L*JI CjL<-uLl3JI C_c^>-J^J 4_<fcjA!l Jufc J-La.3 -^^^J -2jL>. 

.(jLj_uiJl (Jjm-aj ic.j_!jj| (Jj/LlSJ ^^jjj-i 4-!.}L*-a (_£j^>-l aj-a Jjj LaJj j" "j '' M ^ La • ul a J 




- VV - 














Sharp edcje ; v 

. - , '. Orifice Iplote^ 



4_AjA!l (jj/Ltia ( l * . £ ) J^— ■ "■ 



JL 



^j ,,.m j u« ji <^ i\i 0.3m/sec icj-cu-i ( ^ l)J^3uiH4 g-La>ll>i^-u^jjVl jU^-4 A ^iSj 4 -: 
J_aLu3 ju^l . (j-u-i-a jj j ^ I j-<-c .U;,^ tl £_ jl i anJ| jlj ^a jl^-j! < 0.06 nij"Mo . nV^l < . < 55 j Lalj 0.3 m 

. C v — 0.82 4X.j-.-aJ I jjljLfl^ 



v 2 =Q 



2xAP 



P- 



r A V 

v A y 



: jlj <T< rnVI 4-J.iL*-a (j-* 5 V 4-Cj dill (_J 



A, 



v 2 = 7.5 m/sec c-^LXl ^^^j^^L 



i La » i a H *§_ (_3j-aJI (jr^ 1 J "*>■»■ Ll (j-u-lSjj^M <0.iL*-a 2— { jls^jul\ {j^=* < ' 



AP 



v 2 2 xpx(l--^) 



2xc: 



73048.9Pa « 73£Pa 



- VA 













: JjVl JI>J! 
.jlj o" i „VI ibbw *_^=l ( I ) 

JjU" i ii a ^Ij-A ^j^je^o (J^lj j—qj 3U Lx ajlj_jv. <Lj>.jJij l.JDcLT ajljJLo (jJLLajO it-it i>» jj ?ljji> (<_)) 

< 250mm <uLj= Jj_Lj B jl_l^ J^-. & II *-j>«j < 300mm x 400mm ^Lulj A jl_l^ J^uUl 

c.(-<a-Ui I jj B jii£. ^j^>Jil £_ ^t^Jl ^-j-^ <-""-»» I « B ^l A tjj* 0.2ba.r jl jlLo .u;,^u ^^a^.i i jl^ 

. 18m/sec ^jL^ A joe *I^JI i^j-^j R=287 J/kg K ^l^Jl c^^j^u ^ Sjlj^JI ^-jj j! 



:^l!D! JI>J! 






4m 



1 



-o- 



d = 100mm 



j ';*^~ l o'j^*" CV 3 4-Ajii (J^*" h -1 ' J ' " '* ' 



- V^ - 



















jl . 4j>-jL>JI *-jU,l ib^=3 (^jLaiJ 4JL»*I jJI *-jU,l £lli^=J (jt (jic J-****' jlj-«Cm;VI 4-JjU.a 



/?j x Aj x v, = p 2 x A, x v 2 



i^VL^a ' / '^jlj "..,Vl 4_J_>L*_a jls ( 2tblj cO^li^, ) JqLLl^jMJ JjUJlj^i: xjUI itU. ^_j 



Aj x v, = A 2 x v 2 






i?z; 



1.5xl0 5 _ {725 Kg 
287 x (30 + 273) ' m 3 



:(Y) » Ustl j| BjJ^. i^lf^aJ! <_)L.ujw jj-^l^j 



A 



i?r, 



M-o3)xitf ^ 

287 x (30 + 273) 



nr 



/?, x A l x v, = /? 2 x A 2 x v 2 



_ A. _ 
















p,x A, xy, _ 1.725 x (0.4 xQ.3)x 18 
p 2 xA 2 ~ 1.495 x(0.25) 2 



39.87 



in 



sec 



r^lU! J!j-L^JI v^ 

.4_4,jjjJ|j ^jljJsJI *|_ s.U.1 9e-La-m (j-U ^^jjj-l <0.}L*-a JjjjlalL! 

p 2 p 2 

4-Cj i n tL) 4_JjLia ) 4 Laiilll Jl_i£. 4X.j in \\ I <>> J I .(_£j_^>JI Jai <^-> II j fr (Y)j )jL_t£. Jai >'* II (jl aj_U.a 
m ^— 1 1 ' ^j—ij-i 4_J_iL*_a (jl_3 4—lUI . Ij-fl— tto 'j <^lj"*<M ^j ^— ■ /i 1 ^^jJLjJLij I Jl^v. aj_Lt_<.^ j-i_Tl<j ( Y) ^ La-S-LI I J Ic 

2 

:4_&ja1I Ja£. 4-Cj i nil <— )l iri-w ^j^—^J 4-lIc (4m (_gjl ( n" (Z1-Z2} /^aJj 



yl(2xgx(Z l -Z 2 )) 



v 2 = ^2x9.8x4 = 8.86 



sec 



*. 2 ( _ 3 -«j?tr»JI (jLj-ijiJI (JjmjO (_il i n->Jj 



Q = A 2 x v 



2 K 2 



g = -x(j 2 2 )xv 2 = -(O.l) 2 x8.86 = 0.0695 



m: 



sec 



rru 



Q = 0.0695^- 

sec 



_ a^ _ 




4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 



jjl$ifi;.L3uUwLJ 



k>* «^»' I ^_ lLs J_i-J I 







^ 



*& 



^^ 



j,U!* *-""■". 



|>4 U Uiji*» 3^' fr^ 






: <JT ic Ij-iLs OJ^~ '" « JL»*>JI "J^A Jo^— 1" LaJiic 
( JjIj.h tl) .UI;,^"Al t iLLSJI j_uT_ lU^L-u^II jjjs J^=J dt^.-.jtl <_»-jjL(V| 4- LLaJLiaJI Jl2_3 i— iLcaa> O 

. ( Sj^JkjIj <JliljLc. ) 1 ul i ■>> >\l ] ibLSJl ilajL-ujJIj 

(3^jl1!I ic.j-<-u *_* 4Ja}L*JL) .U;,Vs tl j Aa> <_)!,, 1 -w — t_c_uLJ^I 4- (3^-^'j ,U;,^ tl jJaLa <_ iLoj*. O 






( ^^— j --tl 4_JL>. 4- f^'j-1' ) S-ajl '-"tl aJl^^JI '£— *L>. La fj-*a» (jLSjl 



_ AY _ 













:4 aJ& 

*m 4_JL>. iL. Si&jua all Jl_iV (jJ-JI <Jlijj_(jl_l!l (j_a J-^J *jL-U iLai ii» £_ LLs^-lA LilLcA (jl i_3jj_«Jll ^j-a 
.U;,Vs tl £_ lLj-l^I ilLJj <— iLojv. jj-a J41V 4-lIcj .l<jjlr i_JaT<j tjf (diljLc) ^l^Jl 4-JL>- 4- ^>*_5>U J I (JjIj-^-u) 
1 (jjlr (_JLil]l c_c^>o (jr* - ^ L^J-^' o|-^ ajJ-<-uL« <J}L»- *JlLa jjLjj_<-u JlJ£. .(_£j^>JlI J I t—l^LJ^I (J^Is jljdal (jT JLl 
flj_J3 iiJl_LA i?c La m VI J_t£. (_^a_i!l ^ j-^j (j^O i^soLlJI llll ^— "^Vl ^j Si ^LiJa^L^ j >l < "> a a J_C (j-* 3 (j^L-J 
/-^-ui-j Laj JJlJjJjj («-3j <— S^iji-L 1 lJj_lL>iJ i ill ^— ■"^V ' £>_a 4_^>ijL<Jl (_£jJiJl .x-jU,' tfUsol j_oJij a^JSj 4_ujL>JI 

. Surface Roughness ~u,„ti ^jAi^ 

(jb Sill jl lLsj-ijJI 1 jl_& i-sj^jj Energy Head Loss £aLLaJ1 jj^ui Cj\a2^/\ Pressure Drop, U;, Ml 4- 

. Friction Head ,<ti^-^Vi j^^^ jf ,<ti^-,^Vi aiLL 



(jU^uJl sLij! 





ajjjjjLo jj-« * LaJLo (J^L>- ' La » i ia 1 1 *§_ tia^jJI <— il i n->» <UjLl^= ( ^ . ) J^— ■ "■ 

(1) ^ » La 2 1 1 ( j\j , tajt tla.ll *§_ lLs^uJI ^jLa ( ^ . ) J^— i utll 4r <j"*-J-« j_& I ft^a La <_ij_ul (jj* LitlaJLa LJJl^I lil 

:5_jJLLI1 SJ.iL*i,l Sia-i-uljJ ^ La «J (2)j 

jR - P, = f x — x — xp 
d t 2 

j La-all a/ J <_jj_iJVI Jj-Ls / t *ljU,I 2 al",^— ^_4 p j < *jLLI <Cj-uu ljr Jb V tclll ^— "^Vl J_aL*-a j-&f 



_ Ar_ 






plaJUY 



AiJU^uJIj &&j1$)JjA1\ 4*laJSf I 




N/m 2 43jo.j 4_bUi,l oJufe^-.Ui.MI 4-<-k*^' u' Li* 4±i^>ULijjju>JI 

•.^liJL^a H Jai-La \j ■^»'^— Jai uaJI £_ JajjJI 4_Jj>L*-a 4_)Lj^= ^j^— qj J 



H.=5^ = /: ' ' 



'/ 



P X ^ 



4 2g 






Re = 






j^J^ij ^Sj 



3jj_^UI j_Lal (Jl 4 aimi 4JjA>JI 4_uaij ^j (Relative Roughness) ~U,„>n Lu.^iUI 4JgAjJI 



( Jjj^JI jJ^I ) 



£> 



(/) cdl ^v.O M J^L^ 



4JjL»i!l j_ujjIjJ,I (_>iutjJ ^ La i ugill 4Jj-iii»Jl _ ) (JjJl>- 



(Material) ~oU1 



D(mm) 



Riveted Steel ^Lij-JI jV^a 

Concrete iJL^j^JI 

Cast Iron j-aj ju jl^ 

Galvanized Iron <>ii^a jujl^ 

Asphalted Cast IronciJLL-u^ j_4>j jy jl^ 

Commercial Steel (^jL>^ JV^a 

Drawn Tubing ^iLa s-4^1 

Glass ^Uj 



0.9-9 

0.3-3 

0.26 

0.15 

0.12 

0.046 

0.0015 

( ^U ) Smooth 



_ At _ 






plaJUY 







Re = 



V xd H _V xd H x p 

V jU 



. (m/sec ) oLj>^' ^j— = V 

. (kg/m 3 ) ^Ul ^li^= = P 

. (m 2 /sec ) iij^-mloM^-iTi 4*33111 = v 

(N.sec/m 2 ) (iiiLai)L^=^l_bjJi 4*33111 = // 

4- Lai < f U<UI Sj-jJllcJLl j-u-uljll JJL*. £_ ^^IjlJI Bjj-^UI jlal (^jLuJj (Hi) ^jjJl^JI jJa2JI = djj 

:Sl.iL«ll AljJelmL 4jLui* ^Lta ^j^M\ <JliVL>JI 



d H =4x 



u 



. JUI^kHI i^L^ = A 

: Jl !• 

lm 4- ti (j ? (Jjia (J^~ * '"'^ m> j ° ^ij-A (_$j^>Ji ^jjjL-ijjl j_Li2Ji j*ji 



d u = 4x — 



a 



(lxl)m 2 4x1 4 



d „ = 4 x t — - — ' /- '" r — = - — - = — = lm 
(l + l + l + l)m 4 4 

.'. J w =\m 



: 4JI 4_ij^?eILILi Jl>-j Ju3j 



_ Ao _ 













^Hj^L^vl: Re < 2100 • 
g^vLu-tth 4000 < Re > 2100 • 
l>j U , ^ j^jui : Re > 4000 • 



(J-ulj ( Y . ) J^— i mi II J . -Z3UU j_4> 4 <ij!?*i i ii U »1 mi Ul » La-S-tl 3j-j Ju mi 1,1 ja-mlj^JJ r-j^>JI JlJjJjj f»-3jj 



^^^Slil^ 


^s. 




— 5- 


^— 




i ijUi^ui ili>«i| (i i Y o ) J'^— > •" 


t^lSj. iI.m,iI ( 1 Y o ) J^iA 



Moody Diagram ^j>« iib.-w 

Friction ,*ti^-^vi J .1.,^ ( ^Jl^il jf ) ^Ul t jL > ^J wh <_^l J Il i ^jL>Jll 4- wir",,„ 1,1 jljil ^IjJi 
^ I j-,k^\l a (3-^jl^j *tj ti> Bjuc tiJLL&j ~U,„S?i ^j^i^j Reynolds Number jjJjJjj ,djj Factor 

Re<2xl0 3 

4-il i ii ">> (j ^— i i 'j JJlJjJjj jcJ9j *_a 4_Lkai- 4^3 ^Lcj 4 j i mi ill 4-Jj mi-»J1 (jylc Jl»IL«J V 1 131 ^ala. Vl (J-aL*-a ^jLS 



/ = 



64 

Re 



*I,..U Sjj^UI jl ^1 0.001 <>* J3t 4jimmII ojAiJIj Re > 4*10 3 jjJ>yj pS> o^= 'M 

• 2tsl.ti ^^ LjJL^ai».Vl J*U* i_iLup> q£=*a* c Smooth Pipe 



0316 
Re 1 



J r>„0.25 



_ An _ 













tjLjj in tlj j JlJjJjj j<s-J3j ^ Ir Jl-4j-*J V l£JI ^— "^Vl J_a|_*.a (jLa I Jl^ Ij_lj_^= JJlJjJjj JJl^. (jl ^— I jl • 

.Rough Pipe Zone ^.IrKJI ajj^^UI ^ 2 La - * _i ^-sj^u ^£^J-A ^^>« ^j-a 0^' ' J^*j ^'j^ uj^"j 

4-Jj mi -»Jlj JJlJjJjj JJl^. *§_ iJI J 1 ill ^-."^Vl (J_aL*-a 4_t3 jij ^— u £J-^- Jl3 '3^ ty&2j\-i-u}\ (j-uJL>JI <j-u • 
(d ajjj-uLtl j-La^ (Jl (£) 4-SlLaj, I 4jj mi-»JI 4 1 1 in (jr jfc 4j 1 1 n ill 4jj mi-»JI ) A j, 1 i iiitl 

<Jjmi -^Ij ^Jij-a ia-LaicJ, J^ 1 -. ui tl j-LaJl Transitional Zone 4_JL5ijVI ^ sU;tL l_3j_*j ^ aklXl jl_4>j 

. ( £ . ) J-^— .':■ 4- N "">** o'j-J U^= 4-u...uJjl 

JL-i* 
4-JL^jjJ ^y^LjJjjju-ui c^-jj J— *^j 6mm oj LaJaj 15m 4_J^La <_ij_tj| £_ .U;,^ ti £_ ,Uj M| j^^jl 

. 848 kg/m 3 4^li^=j 2 m/sec t_j^jVl J}U* 4i^j^j u=0.014pa.sec 



pxvxD 848x2x0.006 „_ 

Re = = = 727 

ju 0.014 

. t^-Sj^j <_ iLuaiJVLa 2100 £>* JJal jJ^^bj, *Sj jVj 

: 4jjL«II <j-a i^tl^— ",^VI J_aL*-a <— il (n-w j^- V (ji! 

Re 727 

: (JjjLSJI (j-^ ' *" ^3lI>.VI <Lre_pj i La i i a 1 1 *§_ lLsj-lJI <— il i n~>». ^j^— ■ a * ^QJuj 

/ v 2 
^i-A=/ x - x y x P 

P,-P ? = AP = 0.088x-^x — x848 = 373A2KPa 

0.006 2 



^jLj^ul aLaj 





15 m 






JIUKV.O ) J^aulll 



_ AV - 













asia-VI i>1jw 




800 00 O Op 



Relative roughness e/D 



4_LUiil 



11 ^_jj.M'A \\ 



Moody Diagram ^.ij-a ^U;« ( £ . ) J^=^ 



_ AA 






plaJUY 






2=20 //mm o^j-^' J^-« u^= 'M 10 m ^rl^ 3 cr 1 *-^ i -^j jlo hs-^^ 4- ( Ap) 'k;.MI lLs^ ulu^I 

|i= 50 xlO" 3 pa .sec ai^jJJj 1030kg/m 3 J5LJ1 iali^j 3.81cm Ujiai 



= 2O{/. =0.02 m Y • = — m 3 / = 3.333 xl0" 4m3 / 
^ /mm /mm gQ /sec /sec 



Q =AxV 



1-4 



fi_ 3.333x10- _ 



V = 0.292 



A -^ 
4 
m 



x (0.038 1) 2 



sec 



sec 



:J-*J) 



••o^J 



:<— in ( ii <VI 4-tc.jj JljJlj*HJ jjJjJjj r*^j <- ' i n*»o 



oxVxD 1030x0.292x0.0381 
Re = - = z = 229.2 



Re < 2100 



50x10 



-3 



Laminar Flow e^l^j <-j1u.i'iV1 <ji| 



/ v 2 

AP = f- — p 
D 2 



f = 



64 

Re 



: ^HjJi ^Ll^vi yi> 4-j 



64 
/ = — — = 0.279 

229.2 



: JaJt ilaJl *2_ isQ_wJI (_ i i n*»o 4_La a 



10 (0 292) 2 

AP = 0.269 x — x v y x 1030 = 3215.5Pa = 3.2Kpa 

0.0381 2 



_ A^ _ 







: JLJu 

_."_j__ ajj__-bs _)}__-. 80°C aj1j-»- ^JJ --^- *m (j_a J L/seC (_gj <n" LaJ-Lc J__i____JI -_>j_lA (_ m n -»l 

40m L^^laj 52.5mm L_jJ___ eijU-i 
971.64 Kg/m 3 ^jLo. [&\ __JLc 80°c ^j_. ____ *UI ;_-L____. j-k _ 

.3 

0.358 x 10 Pa. sec (_sjL__. i^jjJI _>___) j_i_. *U1 i»-jjJj _ 



: J-il 



<2 = -?L/^c = 0.003 mVsec 



«.UL1 4__ <__u (- i ( n*»_) 



y = Q = 0-003 =13g6m/ 

A %0525) 2 /S6C 



Re jjJ>yj ^j v 



Re . P^R . 971.64x1.386x0.0525 . ,,„„„ _ ^^ 
// 0.358 xlO 3 



.^^Ijj l_jL___VI jjjl < 40000 ^j i£=A jjJjJjj *__j (jl Uj 

.i^Jw '1"^>« a Jltt" i ii 1 a 4 j i i n ill 4_ln i ii*»Jl (_ i i n*»_l lju 

8 = 0.000046 m ,_£jL__. _£jL*__l iVa-UI <u^uo- 

: (^jUeUJI _.V_a__U 4_l.lj.u-L! I <Jj_i_>JI _pl 

,_ 0.000046 _ 

D 0.0525 
__JLc J__a_-_i 0.000876 4_l.ll-UI i_j_i_>Jlj Re = 197500 j_Lc (_£_■>« J_____-xi aIjls____/L jjl 

/= 0.0208 



_ \. _ 







•i U>» i>>)l J^o_u& < iLujJv Jj^— ■ 1 ' 



L V 2 
AP= f x — x x p 

£> 2 



AP = 0.0208 x 4 ° ^ L36 - ) x 971 .6 = 14.8£Pa 
0.0525 2 



. (_£jL^I<JI 'nVj Alt SjjjjjLII > U3j (jLj-uJI ic.j_<jjj (jr «j?tr»Jl ^jUj-uiJI (Jjm-a <L3jjlaj iJjJjij 4_LLt-a ajlj^v. 4-3»j-i 
lLsj-lA (Jj JljiHJ j^>- I I UU^-^ |jl ,~„ <i\ ^j^s-\ aj|j_j>. <J1iLj>.jJ J_Lc JaJLiiajl lLsj-lA A^jjljO £_ya la ^^— ■ -yj ^^— ■ )j 

i^-jj 4- «-M J i-* J^ 1 -*^' J* Correction Factor ~ : ^.^~ti J_aU-aj . i-Ludl Sjlj^>JI i^-jp 4- ' U; -^ u 

.(<_i. o.o )j( l.o.o) J^lAJI 4- 7^ <>»"j La >&j (JjLoJI oLjj-"' ^-j-^j «j'j^' 
450 pa/m jl^I^JI j^J.1 4- ■^'•■'~ II lU^^ s^ljJa j^ij 50mm Sjj^LU jlai <jL=> li| (jjLcJI JLill ^^ 
.0.88 Sj al (_LaL«-*j 1.386 m/sec icj-^j 80 C jJ^ ( <_>. o . o ) J^^.ti 4-p^j-JI i:^^^,^" ^^^ 

40m J iU;<MI lU^j^ 4- J^ 1 *^' 



.-. Ap for 40m - 374 x40 = 15 kpa 



. *,\ . 













Pressure drop, pa / m 



-X;ifl 




^jUJ jV^S ajj^uLa J}L>. 20C° ajlj^' 4_s.jP ^' f *UiI JaJLuaJl dajjjfc ( I . . ) J^=>_<ii 



_ *t _ 







1.05 



1.00 



■§ 0.95 
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10 20 30 40 50 60 70 80 90 100, 

Temperature, °C 



Pressure Drop in Fittings jM>il ( uuSjj ) J^p j^ Ja Ja*«»)t k><A 

c_t_jJuVI <i^— ■ i ,", ajLc. p . V> j » 'I uaXI i aXLJe^a *§_j 4_uLa^jjJlj 4_^3_jJjjJi_i ( JI ^ -t La i z\ A- s'^jjlj CjJjJI f-JJjJ 
(<s-j*-3» (<s_j^1j 4_u-uLjJ3 aL*^>-Li icj-uJU c_t-i£=3_pJ I * La^ j L^aj <_o»j" i uj L$-4 SJijJlC pj?tr»JI *|_ Cj'jjJijj CjLCj-oj 

iy-&> ( >Ux3 i 1 /_J c fr j ^— ' ) ) ( ( ill aJU '"'' 'J^~* j~ ^r JaAjtiaJI Ja ojjfc < )1 i n~»J Jjvlajl j vil (j-a <j] 

*§_ lLsj—uJI (_ 1 1 n -»o j-^>- 1 /-—Litx-1 J I ' 3 u^sajlul (J^L>- dajuia 1 1 *§_ Jaj—uJI ^j ■■ flj i_ i 1 1 n j LjJjla I J_*j I gj| Lag j 

- *r_ 






plaJUY 







(jlXLi Jl^laVl ) . L,J Wif I t^JJI Lf ljial\ Jl*-l!Ij (— iljj^-tpJl (j^nj o^-u ^yillJI JjJu>JIj . iU*iMI 



j^ljJll cL^JU ajjIjII JI^LVl (Y . ) Jjj^. 



{j Q( dill 

(mm) 


(mm) 


&*= 


T ^ 


aL*J^5 

(£31-0 




90° 


45° 


Lui^a 


A ■■) 1 /V*< , ,1 A 






15 


15.80 


0.6 


0.4 


0.9 


0.2 


5 


0.2 


20 


20.93 


0.8 


0.5 


1.2 


0.2 


6 


0.25 


25 


26.46 


0.9 


0.6 


1.5 


0.3 


8 


0.28 


35 


34.04 


1.2 


0.7 


1.8 


0.4 


11 


0.42 


40 


40.90 


1.5 


0.9 


2.1 


0.5 


14 


0.51 


50 


52.51 


2.1 


1.2 


3.0 


0.6 


17 


0.65 


60 


62.65 


2.4 


1.5 


3.7 


0.8 


20 


0.79 


75 


77.92 


3.0 


1.8 


4.6 


0.9 


24 


0.90 


100 


102.3 


4.3 


2.4 


6.4 


1.2 


38 


1.27 


125 


128.2 


5.2 


3.0 


7.6 


1.5 


43 


1.70 


150 


154.1 


6.1 


3.7 


9.1 


1.8 


50 


2.00 



: J 

Ijl LLaJLiaJI lLs^j^j ^U^.^1 ^-iZL..u.U J^laJI L-i-lu^I < 30m LjJ^is U^= '^ S^Lw ^L>U-uj 4j}liij 90 

10" Pa/sec 4^-jjJj .998.21 kg/m 3 *UI L3li^= i± .6 L/ sec j^> *U1 d^u-^ J^-* uT <-^ 

. (_£jL>o JiV^S jj-a 4jt-Luax ajj^uUI ^jLLJLl . 1 .008 x 

3.0m = (90°) jpjyi fj^nli ^jijii ^ ^-,,1 ti j^kJi 

9 x 3 = 27 m t'-^ 3 ' ^"-^ tJ-^° 

= 0.90 m ^jI^j ^UuaJ ^jl^il ^j^"i,iU j^kJi 







— .Z. / HI (^jLcuj CiLaLa^a ij^G (Jj-la 

= 3U 111 ajj-<-uL«Ju pj*"" "M (Jj-LaJI 

L = 30 + 27 + 2.7 crJU^VI j^l 
Lt= 59.7 m 



e 0.006 m 

V = — = = 1.258 : sUI o^j-uj <c-j-lm 

A -(0.07792) 2 sec 



pxvxD 998.2x1.258x0.07792 nnnni 

Re = - = 5 = 97071 : jJiJain ->J^ uL 

i/ 1.008 xl0~ 3 



£■ 0.00046 nnnn ^ 

— = = 0.0006 : At,,„'A\ ^aJ^JI 

D 0.07792 " - ^ 



/= 0.0208 ( ^^ .UU~* fljuk^L ) cdl ^~O M J^bw 



AP = f— — xp 
D 2 

59 7 fl 258^ 2 
= 0.0208 x ' x-^ '-x 998.21 : . Ui . M l Ja^-ufe i_^^J 4laj 

0.07792 2 



v AP = 12587Pa = 12.587^Pa 



_ ^o _ 













: Pumps and Pumping Requirements j£)l uLUKmj ulsuoli 



. ^ ^jU;tljj ,„Ija '£_ Jjj ,„ 1| (jbj ,,, 4_ajLxa ^ lr <. < U"ll 4_aj}Ul 3 j| LaJl JjI i u U (- Laj 



^ ul ^ 



Jij_LaJI '"*'' Je-Ja-^a Lai JlJt" > ul I Ibj ,^—A^ \ *.j ^ ,",Tj , U » , U. 1 1 1 j_^ L^J jjlaj (jJ-Il 4_2jj_LaJl (jylc ' flJjLtaj <L3e 1 2a 1. 1 J 

( pressure head ) ,k;.Ml ->><ui ^a sLa-iMi *bt j^u La ^1 jj .^>ll i^ljVI ^1*^ ^j^ji.1 
L^.Ll^ ^iii ( power ) 2jjl2]1j <uk*j ^ jji JjUJI ( flow rate ) oLl^ <J^-*j ot^il ojji^ ^jJl 

*§_ (Wa-il Laa >J1 0j_<fc £j -t I b " La LtlLLj 4-3ejtIa t ' ( _^ajLi^ii>o 0jufc /- a r n"j . (^ etllCieilCy ) 4-3e tla 1 ,1 a#.Li^3j 

.- ■■ ' ."■:" - ■ - .. ■■ -. ■ '.,'■..-" ■■ 

--■ .-':. P2' V 2 .■-■' ■■.■.:"> ^i>':j 



Z 1i 



Pv v 1 



asi 



L)l>»". 



^ 



B 



■4.-^ i >i a 



..-■'.■-:.r',: ■■■..;?' : V 'L - . . -jShII 

j_iIaJl dlLiLalaj AJri^tU ( 1 . ) J^3lA!1 



:( *\ . 0) J^— r..\\ j tV.I — (Y) SlaJiillj ) (j^HiiilJl <j^_i ^jjj-i 4-JjU.a J^;^" 



p y 2 p v 2 i \ 

± + \ + Z lg+ W=^ + ^- + Z 2g + (AP frict ) 
p 2 /? 2 



. J J^J>JL) AJri^tU AJsLLa (_yA W : C^-JS 



_ ^n _ 













olj-i^l J! ^Irt.ntl c>l>iJI <>« Aitxb jIj-j < 2. 1 pa. sec ^j>ij 1 100 kg/m 3 <oiaLiL^= ^L* 
. (W) 4Je.Lb.ll aILL c-co.^1 . 50 kg/sec ojj^a oLj>" J^»-*jj 52.51mm L&jlai Sjj^Lj J}U* ^^kJI 

. 30 KPa l£jL"^ <U}L>- .U:,^ti jjIjlos (_£jlj^>* J-^^j 

,' ..;.V ;; ; --V .:p 2 ,v 2 ;; : 







P.v v i 


3m 


^ — 




— V 


i 1 





ioi 



^ 



w 




Si 



JliUKY.o )J^_i 



: /_Jj j-ip-J 4j jLu3 Jijj 



/? K 



P, V," 



^ + ^ + Z lg +W=^ + ^- + Z 2 g + (AP frict ) 
p 2 /? 2 



(jLfl 4jlr . j^^jJI i Lai LaaJl jjfc (Y)j ( ) ) JuLc i Lai Laall £ 'j-i^» ^gjl i n" ( ) ) ^jljJsJI (Ji* Jlo J ?f. 4X.j qj| 

W=^- + Z 2 g-Z lg +(AP /n ,,) 

(jl Jui^ + t^M^ajllI )f_ .U;,>>tl jj| JlS^ + i^tl^— la»V| 4je_lu JaiLuaJl jl Jui3 (_gjl uu iLai tlaJl jl Jui3 j^=Jj 

: Cj^Lu-a^jJ I j i ill ^-— ■"^Vl <Lre_pj i La « i ea 1 1 (jljJia <—il ( n-»J 

pxvxD 1100xvx0.0508 



Re = 



ju 2.11 












: <Lc \_ijjl i <-cu->iJ 



e 

v = — 
A 



50 



0.35 



in 



1100x60x 



K 



(0.052 1) 2 



V' 



sec 



pxvxD 1100x0.35x0.0508 nr 
Re = = = 9.6 



ju 
9.6 > 2100 



2.11 



(jr 2jLJ3j <— iL i .I <VI (jjl 



; y^tl^^-^VI J_aU_a l-uou 



/= « = 64 =667 
Re 9.6 



: Cj^Lu^sjUJIj i ill ^— ."^V ' <L»_uj Ja.* iJaJI tls^ui 



L V 2 

AP = f xp 

D 2 



L = 1+1+3+2+15+3+1+3+6x2.1+1x0.6 +2x 0.65 



L = 29+12.6+0.6+1.3 = 43.5 m 



:aj^>-Vl J (Jll^Luij jliJ I J i ill^= i~-^V I 4j*_uj i Ui »>>tl tl3j_ui 



Aptot -372.1 + 30 =402.1 kpa 



: Jai iJaJI ( uLs^-ufc ) 4^ Us 



402.1x1000^ 
"" -**- = 365.55- ^ 



1100 



Kg 



Kg 



m 



_ <U 






plaJUY 







: Pressure Drop in Air Duct Flow * IaAII dlLut <i hxtai\ b$j£ 

4_i^L^= 4_*_<-u LJ i^jjJtl jj ^-i" (jf c-ljkj slj-JI llLjjj^ilJj 4JLa aj^^j jl aj^jG ji j^^-u jL#»- (_£l £- 

JJlj>o . ^gj^?e-q-U 4_jl^3iJl 4_ajLSJ,l j_a Jj 'J .'^~*' j' t^J"-"^ U ^~* ■"' "' ' "1 ' * ' ^ ' ** .'J ■ ' ^Ljf^' ** d**^ 3 f-3J-J 



^lyliill 



L V 2 

AP = / xp 

D 2 



AP = K 



> 2 



V- 



^_ lUi i^t) Jaj-ufc <— M, I.U-V 4_2jjJa 

: j I Li i>c /j 1 1 ii L$_4 
it 



J 



K 



fx 



D 



Ol 



Resistance Coeff. Or Press. Loss Coefficient lUi.MI jl jiia J-aLt_a jf iajLUI J^Ll^j K ^^ Jllajg 

jl s-'j*J' J_J>^ <>L>ol j-i-l<j j_a 1 mi m (_£ JJI (jr ^3Ljjol_(jjJI Jaji iJaJI dajjJki ) Ja-i tJaJI ^jc j-ujClII j^~" ■ < 'J 
LjIjjj c I j ^—i I _}j_^.jj tilJjij 4_uljjfc <Jlil_aljJ »j mi < (_ ijnit jl «-'j(Jl lSJ^*^ ^r ^Ljf^' ** £ -J- LJ1 iJ^_*"" ' jl s-^^jj 
<JliL*_tjjj_aj «.lj_4 <JliLcjjjoj (^Da.mperSj <J1)L_iIjjj * Al"4-/i tlj^Lj^sjj r-jl -Vaj jj>.|jt_aj 4jLt_ti <JliL_tIre_Loj 

^3L^3lXI (JjlaJI /- g i nj La_> (Lfc^_tCj j^-3e ' ""' 11 '"'' aJ " J I Ju^-tJ-II '"'' flJ "J (JjjjLLoj 



# = 



\ 



/X 



••• L. = 






: <J> 



Le = Equivalent Length (m) ^*l^ti J^kJI 

/ = .'tl^wVL L> ^,L>JI jl2A]| J^Lt^ 
D = (m) ^L^=m J*2i\ 



-W- 







P = APxQ 

jj-^aiij ^LrLtji^aj -Mj-tl ( jr -(-L*iI Jlj^_uJI 4_Jj_4r>o <U^L>J| dll <y -t ualll ^j-* L-uL-ul JJlt»oj i_2jjij s-'j*J' 3 j -t ^— i *<* 
.4_ul^ ( JI <Jl)lj_L2Jl p j ■■) i ^>" ' <U^L>J| <JliLil i n-»Jl (j- 13 -SJ^>«J 4JL3 i>-jjJLI (J j t utl 1 t_xJ*-ljJl JaJt uaJI j'juLo 
j (^j^je-q-U A-d^aJl 4_ajLSJ,l jl JuLo <_il i n->o <5JljJlt»o ^j^— ■ i ' 4_>-j)jJ,l aLoI Jmlmi (_£ JJI JaJLiiaJl j I J a g *^ 

Friction Loss ^ti^-^vt i^^ j^l j|jl2a • 



LV 2 



AP = / xp 

D 2 

JaJLiia II jJLL_) <_3j^*j |j_a>j <J1iLo'jJlJ| jl <>U>ijV| jl <Lcj_ui_JI j_o_*j 4^*_uj aaJLtia II A- JlJLUI jl J a a • 

Dynamic Press. Losses ^^ : *hj >ti 



ap-jt£!1 



:^Jl>4( dLU« ) jSjM <£ biiaU /Jftl JUttJI jJJUJJ 

".^Vl ij)j3 (J^= jl (J^>+.< jl Jl3*l (j-* 3 /?^Ll]l Jrtrttl • 

. dll gelLajl - 1 

. (j ';^~ ■**' J I (Jj12j) s-l^jJl (_$jj?ta ■» La a « Aj>-\ < u a j.u.<j - Y 

'£_ 2 .jIU^ j j A Lij-ui (. u ml V (_y-Jlj 3 j mill I stj-JI 4_c.j_<-u iill j ^— j <J1iL>-jJlJI oJ^Jb JlJ^. slj-JI 3 al"^— j 



.fUiUI 



- ^ 







: JjVl JI>JI 

i ill ^— '"^V I 4j*_pj <_j^jjI (J^L>- La *_jLo jjLj-cuJ Jajt uaJI *§_ JuLaJl tcjJsjj <0.}L*.a ( . -"'^— ■' ( I ) 
(J^Lo- 80C SjIj-js. 4-^.jJ Jl-i£. La «_jl_a jj-* 3 A^ II S6C ^j < n " LajL_t£. JaJLtia II lLsj_lA i.mii ->■ I ( <_i ) 

80C° Sjlj-^ i^.jj jl^i *sm 4_ali^= jl>. . 40m L^jLj 25.5mm L&J^ ^jL>^ iVjJs Sjj-^La 
4.46xl(T 3 Pa.sec ^jL^j 80C° Sjl^ i^jj jlui ^Ul ^-jlPj 801 kg/m ^jU3 

^ISJI J!>J! 
4-^=3_<-tS) II 4- •^■3^3 ■ 60mm ^j\ mj ^ <kmVI ajj_^UI j-LaJaj 42m oLla *jjj3 s^ajji £_ j_u_Jji,l J^la 

<-.,.i -w I < 480 l/ffli'fi l^jL^j i^a-uUI 4- oyj-"-"-*' Jj^juaj 0.02 ^jLcaj ,<tl ^-,^vi j_aU_a (jL= lil 

(1000kg/m 3 aJtUiis^s) . . U^^t l^-Ja^ Uj o^-. 



- u ^ - 






•iw^jiij^uij^jiirijL^viAJb-) 



: JjVl Jlj-cJI ljI^a. 






AP = f——xp 
D 2 



(^) 



v-6- 10x0 - 001 - 162 " 

A -x(0.0525) 2 sec 

4 V ; 



pxVxD 801x4.62x0.0525 „ w , „ rtnrt 

Re = = 5 = 43561 > 4000 

ju 4.46 xlO 3 



: jjJ^Ijj f&j <_< 



(Jj|ju>JI j>a) 0.046mm ^jL^j ^jL^I jV^Ai! ojASJI 

A j i i ii III 4_ln i ii*»Jl (_ i i n*»o 



£ = a£00046 = 0000876 

D 0.0525 



/= 0.025 



LV 2 



AP = f xp 

D 2 



40 (4 62 ) 2 
AP = 0.025 x x v • ; xS0\ = \62S273Pa = \62MPa 

0.0525 2 



- \ . Y - 












t^llll Jlj^JI cj^ 

: <Jli^Lj-t^»JJ-H 't^ L«j 2^— ■ , ",lt ^1^— ■ tl (JjJaJI (_ , , n -»o 



L = 42+ 8 x 2.4 + 4 x 1.5 + 6x0.79 =7 1.94m 



( 1L = 0.00 1 m ) : 4 f^ul il 2_ f Ul ^j^ c_^^j 



2 = Axy 
2 



V 



480x0.001 „ , m 
2.6 



^7T A 



60 x 



-x(0.06265) 2 
4 V 



sec 



: JaJLiiajl *|_ lLs^j-JI <— il i n~>». ^j^— ■ <a ' 4_tlcj 



AD f L V 

AP = f x — x — x p 
D 2 



71 94 2 6 2 
AP = 0.02 x x -^-x 1000 = 77333Pa = 77333Pa 

0.06265 2 



. ^ .r_ 




4jJj-* uJI 4_uj_*JI 4 *^— LJLl 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 

;JLI! >^aJj feu^J 2uU)ISjIjVI 



jjl$ifi;.L3uUwLJ 



U"»l*K* ^J^jl iL?^ 1 ^JdP' £^ 



3> 

'I 
I 



s 

1 



1 




^' 



^ 



^^ 



j,U!* *-""■". 



|>4 U Uiji*» 3^' fr^ 







: (JT i£. 1j-iL3 QJ^~ ■" aJl^^JI oJJt Jo^-i" Lajilc 

. i-LuJjjJl^JI CjJjJ aJjJ>Jl (JliLtiLalLoj lLLjJjjJl-lJI Ojj (_kjLLij <L3j^*_a O 

. i ill ^— -"^V |j <_j^ i n"!' (jyic i>-jjJul j_uGj i-LLJjjJl-uJI Cuj (wa-il L^aa> AjSjjla O 

. ^j^-ijtjjjL^JI JjIj^oJI f-ljjf i3jJ-a O 

4_JjLSJI - 4_3*j|^Jul - : (JlLo ^ a Li ■*■ 1 , 1 (j-aljJsJI p j j S3 Julj <. < < nLlll lLLlIjjJljlJI C^jj jLxL>-I O 
- Si ) ...<^— VI 4_ajlJLs "sl^JI (3^-jj *U1 J '^'^ (jy ic SjJrtU - ^jLcjJI Jl_l*t>o - Jal » <>>*t\l 1 
I^J-a - ^LdJLJl i (jiajjOjJl « Jl^jsUJI tlsLuJ - aJlSJI 4_ajlJLo ^yic fljJuiil - (J^=LlJl 4_ajL<Lo 

. 3-allieJ, I L^JLCj^jjtaj (J 1 1" <"i^U 4_ajLall i-t^DLjJjjJ-Ljl (Jj'jjjiJI jL£L>-I O 

.4_t^3LjJjjJi_i ( Jl <JlijjjJI 4_ajlJLsj 4 jj> J>, - 1 J iJLu^s <— )L»jJ.5tJ <l3j^*-a O 

. <jiiLcL-u V 

. L^LflJJ LJjLij 4_uLl^=j <JlljjjJI i^jj^s^i 4_JL^C 4_uLi^= 4_<jL*-aj 4_<ijjj| ajLjj • ^ 

- ^ .i - 







(jr ic ili^M t mi U ^Jl 4_JjjJLuJI ajJl^JI JJiJ j_& iliLajkUl '£- <LlJjjJi_iJI *JiIjJU (j^a (j:r uj\-uj^\ i_3JlJI 
(JliLaLq-i-^ ^J 1 LJL_<_uj! rttT<— l? < 4je_iia_ll (jj-jjJa (j_C (jlj^>JI (j_a ' ^ * "' **' cp'j i u II i-jLu ^ ^~*J >■ J I *J-^ J^~ ' '"' 
(Jl Jj_«j *s_J (j_ a J ■ (A-SUaJI 7:j-^>- *— <^=j-a ) 4_jJjjJi_tjJI tl) L^3j^>J, I jl <JlibljU miVI (Jl j«s_j (j_ aj ^^— i-^IiJI 

.^jj^l aj_a L^joI Jiielu-ul (J^lS Lfejlj rt"< i ulj LfcJiJ^_uJ mJj-^-I aj-a (jljJs-JI 

4_La->«-i (_£J-a j « 4ie_<J3 * ^j j ■■■ ( jr -lc <-ll-Jj Jt_aIL*j « S 4_J9l_LaJ| (J-SjJ ^JjjJ—lJI *-jU,I J-Sj a-ij-^- iy\ y> " J-&1— a 

.4_i ^ Laj^tXI 4-u-iJ I j 4i>.V aJlJt" miU ^ijIaldJ *_SLJL I I Jufc 4_a«.lj-a (_£Jt-a (j-UJ lO^' j-*-^L-<-*-J 

4_lLlSJ| - 4_j>-^Jul : ( jr lc (J a" nil /- ^~ i j ^j J j r 1 1 (_pl < u II a«.Li^= <jr-^- J-*j-* d -^. Lt - a ^j^* "•*■■'- (_l!l_L& 
4_ajlJLa - 3 J i u ^— -^1 4_ajlJLa - «.|j»JI (Jllkllj «.U,I J '^*<* (jyic ajJuUI - ^jLc-jJI Jl_l*t»o ~~ i Lai » ija 'N 1 

x a 4_a«.^U,l (^J_a - (jl_L,UJI i ^j'-~-J t a J II ' J_*J»IL!l lLsLJL) - aJlJLJI 4 ajlJLa (_^— lc S j J Si, I ~J ^ailll 

gLal JlJt" i nl Ci^J (J^L>- 4_HajlJLa (J_i « <_ < i n-r'q a| Jl?-" i n^U (JjLjJI <La<;^La _}Jir>o V (J-aljJiJI <5Jl& . ^jIsIjJhJI 

2 ^j U ; 1 1 £_ 

I J_& aI Jl?-" i nl (jl -i ija 1 £jl j Lis II (Jl -T* (J-^ (j-* 3 L^-4-<3 (_£j^>oj « ' ^ J lP' i ii II da^irnJ jJ^LflJI a JlJt" i n~j 
(JjI i n II I J_4 (j— * *— *' 'J^* 1 ^-^1-^ ' L$J-^~* 'J 2_p_ill (j-L_i j .(Jj-jJLa j^jp" i ii a «|_ 4_L^3uC-4 «><-^ (Jj-^ 3 *' (JjI i n II 
M-il ^— i a ^Jlj>.I J LajtJ Jl_i£. j .S T-yL-L&i ajLcl j I j-t-L-tj « ' a j La D ^1 ^LlLso (J— 4 *. 4_l]L>. 4_3j^ti <5j1_lL>-V 

.L^Ibj 4-5U iU (jjj . SjLc . 3i^= i ifuXI ' fll "m^-iI j«jIu c tlLJ j j JljlJ I 

ajjl jJI (_)-*£. (jl o >JaJ (J-a-«JI aj-jl-i 4r ^.^^J s-Lol (JjLuJI 4_p^^M-<^5 (jl o >JaJ Lo^jII^jlIII (JLi^jl Ijj^JjO *u Jl^j 

■ 4-ajLJr" i n U ^ 'J^~*' U t|r r - -^* -1 *^ <jr > "'-"I J^ -1 '**' ' 



_ \ .0 _ 







. (HWCF)^UI ^a LJU c_^> ^ o^i^ ^Ij^ . 
4_jJj_pj 4_l^3ljJ j j jl-uJ I <Jiij_jjJI (j-^ Ljj ' ' 'i I j*j* (*^<-j ^j-i}-^' (J- uj^'- J *" 250 — 275 ^j-* 1 80 /o LjjJjj 



Sj ' <^— ■ J_l>. (wa-ll Liaa> I j^~" l N"' "' ^_d jj-^TuI a . ^. 1 -^ j j 'J^~* *4H 3J- LJ -' CjajjJI Ci-ajJtTu-ul i_LU jj 
: <4pVI (_>^ajl i^i-'JI (_£J ^JjJl-lJI *_jLI,I jLlo*l (j^a JljV « 4j^— mIjjJl-lJI 4 q t^ <2| <_)-*£. e-i^*- (j' 'M J 

. L^J-3 aJl?-" 1 11 U 4 "j La 1 1 . ' d_u Vj . V 

. 4_aj LaJ t, I (Vs aJlIjILII ajlj^>JI -IJljJ .V 

. 4_aj_kiil,l s-'j-^-'j ( ■ flajLaJl ) <■_ >j i n"!l <JliL*JLo ) 1 gjjV .£ 

_ ^ .n _ 







■ 4_o»L.g]l •»■ La - -■ VI 

:4_uVI <Jlllj_L*XLl fljJliJIj 4_^=3j^>JI (JjL) ^-jlj-a f -Lc T lJ (jf t_J 

4_l*t»o 4_Ll3j 3 ajlaj s.ljp.^1 A-ila »" (jyic Ij-iL^ f-jUl (jj^aj (jf (jr Lt-«j <(J^=aLlJI <L*^|j==3uoj O-ujUJl • 

j »-•% <»tl #.|j^>.| 4J3lJ=3 O-UJIu f*J-2j (-fJujiJj I ill ^— '"^V I <L»_uj (J^aLUJl (j_a 
4_^3j^>J 4_JLc 4_ajlJLo J^— ■ ulJ V C^_tr»o « (J_*aJ| pj-i-l 4 j ( iiLLaj a J-j p»j 2 ) a ^ « a «Ll>.jjJ £jj^~" '**' (jl * 

•V^H-"^' Jl li-lN i' 0^' 
.CjjjJI '">! A.^>lj a j ,»"~V c^jjso 4 |Jl>- (JjIS ajlj^>Jl <L»-j_} j_<_*j x_a i>- j jJu I j_iij £jj^~ ■_' (jl * 

lLs-J lo (Jl <a t" ( ill Jl_Lcj i LaJt ilajl ) j"' 1 ""' 4_>-j)^Jul (jl C.._l>- « lLs-J (Jail Lu-uLLa <L>-j)jJul jLlLvI £jj^~ ■_' (jl * 

, U « , ^ 1 1 j ," I j c^r»o aj-o^aJI 4j>-j)^Jul a-iLjj jLi^Vl 0"*-*-> kAi.VI ^^>^ jL> Y * * (j_a j_<^=l 

lj_iia_aj ajLJ, 1 i i iiLLa £jj ^"""'J C_i>J «.lj_j*.VI ■» j 1 1 -^ J *|_ 4_ajLJr~ i n 1,1 4 rth-V U -ilj-aJu (JjLuiJl 4_u-ul_La • 

.(L&j^j L-aj-^.!lj JjoUJlI \£>»*Vl 

(JjI i ii II 4_js-j)^J *|_ ^j-~- a ' ^1 (_£-i|J m£j-2JI 0jui -S_^>-J (j2 ' (_)^s-2JI (^J-SJ 4_l!Lc 4_ajlJLo 4jjJ CjJ^~~ ',' O' * 

.eu^slj^*. (jljiia ^LlILij 

. j lj_clu-u Li Lfc j_l*jj 4_l!L*JI ajlj^>JI (J-a^elLJ }taL3 OjjJI Cjj^~ ',' o' * 
^LjJLij icj_ui_i ()<■*"" ^— ■ * ' (wol uaJ} a I ( jr -lc 'j-iL^ L?J^~*J o' (jr^*-*- 1 ' * ) ■ -^~ '^ 1 LajlJLo (ja^aj (jf • 

.(jjL«J,l ) ...£—, I" 4jUr «_La 
<JliLcLi3 (_£l Jl^>-I^I<jV (jlj 4-ib*-" iiiVl icj_<jj /- Lc j3J_jV C.— -t-"*o <l iJa aie I a 4lulal » ija )l £jj ^aj (jf • 

<ie ' ta 1 , 1 ' ^j^"^"' I j ' a »j ' '^— i jljjJsl ^1 L^cLS-ij| Jilc (_J-ip 4_ulj-<fc 
-J JJ_aIu 4_jjJutil <JlijjjJI (jl C-^J->- « 4jj1j^>- i>-jJ pLfljjl J_Lc Ij-Lt-i-^ (JjLjJI JJlaj (J^sL*-a (ja^aj (jl • 

.^ila AJ^la <JliL>-jJ ^ * J^— ^ 0.7 
.fap-jJI Jiaj> ^_ (JjI Mill . U j . ^ (JjJ-Ls (j£. tiilij a_aX.j_JI J^— -■" 5JS jl j»J^. • 
. JljIj «.|jjfc ^1 icj-cuj (_glLajj «-lj^JI (J-jO (J^J-SJ' '-'**• < "~ L^JI (^y-Lt-a-i a Laa 1 1 ta a 4 a a '-^ 1 1 , 1 (ja^aj (jf • 

.|jL3> (J-JLfl j-L^e-iTiJI tlaJLJaj ^^ ^" <i}-^ U^-f^- ^'J^ JLJ^ - ***' U' * 
J_dJ3 j«s^?tr»o L^aLjJjjJijiJI ajJiiJl JJiJ ^j^— ao da>J jl^— aVI jj^ LJLc (JjI Mill 2'ah^— jj^— j (jf • 

.^jUI (j^» 
.mJjIj^JI JjLi-ll 4- j' (jl>*^l 4- ^-J-^ 1 SJLjIjJI SjIj^JI qjH (j^aJUelll ^yic Ijjli (j>^aJ (jf • 

- ^ .V - 






plaJUY 







. IJl>. <LJLc JjL^-^'^-J juli! <LojLLo (ja^aj (jl 
) J LaJJ LtJLo (ja^aj (j| 
.LaJjiJl J4X* o>^=^ U 



.jcjI J (J^~ » '"'.< j-^p-^J (j-*-^l 



\P*J o^=^ U 



(j-i-II * J 111LUI 3 "j la « 1 1 1 (. < rnLUI *ljLU jjfc La : Lui y-jjiaJLl Jlj-mJI j . Li^=lJ j j JLjJ I 2 ajkitl £_ <U (_■ < rnLUI 

: L^-i-a (— ll_alai>. e Jl£. *_uj (j| <^uij| (jT ic Jlj-coJI I Jl& <JT ic ijL^^LI 

J_jJ9 4JVI 4- AS-^ji' ^■'-dJ-M k^-^ 6-* J^=tlll t_xJ>o U^= < SjVl iill~L) ( _ > ^>L>JI Cyul^aJI (Jl f-^j^ 
(jr JLc . L^j (J^aLiJLl (_pa_«j (. ( 1 ( 11 J Lc^s 4_!VI i-iLtj £i\ a i-~.\ja «_a J^al^alu V <JlijjjJI ^j^« ' (j J j-u.<Tl!| 
(VuLijjI <Jlll j <Jlla_jj a) Jltt" i 11) (_p3>IL(U ill £— (4_t£.Lo^? ) "U^jjl (Jllajj a! Jltt" i nl (Q_l I jl < (jL(i,l (J-4J 1 11 

.4JV1 i-LLUiJ (<— ij i n"in <JliL*JLa ) <_2jj-i5 ' aJj £jj^~" ■"' < " 'Lx.pjJI (JL3 t ^J^pj 






a Jiir" i n~ . ^ a ' « se a i>-jjJu ^-<-ulj (3'-' :a - , (jA*- ^^-J-^ ' 4-^=j^cj-1' «.lj^>-^Ll Jljj>J| Cx-ujUJI 4_l(i3 La- 



lLULuw 



_ \ .A. 













. 4j^^ie_La 4_>-j)jJ ^1 r'lILso ( _ 3 J-J' 4-iJL*JI CjLCj_uii! 
: j i tt\-*-a ^La (_yic t_gjTtr>iJ *_>!j^a .1 

jJaLJtaj (Jl «"< ("iVlj a j I j -r\\ j J Lta " L^J Qfl ^~*J (__,J J I 4_l^3_l! j j Jl-uJ I 4 aJajjl *§_ a' JlJt" < n^U Ci^»-^ 

*§_ L^-al JlJt" i ill (j ^— I i ' I JULtaJJ 4_ajL<Laj 4_js.jjJul 4_jJLc <Jllj_jj J ^jjj ' " '"*■ f— a *■'— * <jr-"- L£3-' J>, - 1 •LSdJ^*^' 
Vj <LjJL*JI i Lsa i-ilaij a Jiir" i rij I t^— ' . (_3Jj^>JI t J^3l Mia ^j-a <_2jj>JI (JJ-S 4_lJL£1. «r I A^— ■ < cLj^upJI ill Lie »>>t I 
jj_a Ji-^>o sHI (_3-ic I— <fc#. I^jj>- I (jV a U , ,,j" 1 1 j| 4_ksjiie_Lll . Uj» ,^ tl Cj| j CjLajia_ii,l *|_ 4-al JlJt" < iiL) -" i -*> h 
4_t*aL». t_3j_(-i5 a' Jiir" i ill Cx_jjJI jj-* P_J-"' ' '-*-* ffc'iJLor*! ml J_t£. i_i_->o j .i_3jj_ksJI t-Llij *§_ C<_ujJl!l 2-ij-^- 

. L$J ^ys\J>- {jqssjua x_a 4_a_l^La 

: (HWCF)*UI fr* 4_JLc c_^ ^\c iyia* £\ja .o 

*-Jl_tl 4_i£.jj (jj-"- ^-0^-*^ L^J Cc-UJJl!l a-ij-^- J ■ fljIj^tU 4_jJLc <LajL<La LJj U i i uj (j-*-^' 4J-J Lc. j_lC ^J^} 
ajjjji.1 ajlj^>JI JljJujJ Jl^ *-J La j-p-tj «GLa I jj t #.La ^"'J^^~~ , j~ (j-* ^ * Cr^ 1 L^J** 1 '*'" ^^ ■ ^4^1 ' 9uIaJLl 
1_4jJc_ijj LfcJt_aj>o (j^ >l o~u ( <L£aj-a 4_j»-j_} 1AA j 1,1 ) (j-*— > ^j'j- 3 * 4- 3 *J- i ^r u-**J o' S-^*^ ** "J ' ^ (Iv 3 

.«ljUI 4JL>-j j_i^=j3 j_l*j (jjl (_£-ijJ La^ aljiir" iiiVI Ju£. 
4 i i n ) A- 4_ul_La_L^3 <Jlll_L^3j_a (jr lc ^jJL>o pJ-i-J' I J-4 ^jj ^— i .pj_LJI I J-J a^p-Ls Al_ksj a) jJr" i iiL) 9e-L<a-ij 
(Jj ^ se < a 1 1 (JjLjjI 4_ajJaJj,l jj'j^>- ^-'-^J '^| ^j^* '^' ' j '^* ' (*>£■ J ' -^ ^ '**' i_3jjjj L^JI I <\ £ — i < s.U.1 ^j^ ^-^'- c ' 
jjlj^JsJI J-^ i -I J_Lc.^pJLi!l x—iJsjj TU - ^ *"l5^" U La-iis J 4-aejLJa U (_>IiLjjI i ^j^-" 1 "' J<-U Lfc^Lcl cLt.(Jjj '-^ xr,, ^ 

( \ . 1 ) J^,t,tl ^_ ji^Li: La^= 




Inlet 
flllBf " 



u 



-FH h^T 



i.L 



_ \ .^ _ 







HWCF f-jj (jjs t^JJ ft^ L = r " ' "" <j-^' <— »La^ t^i ill '£— <jljj>JI *-<^=J ( \ - 1 ) J^— i mi 

.Aj^ljJjjJLjIjJI <JlljjjJL) 4_»-j)jJLJI 4j3}1c. £- A-U-uL-u^l JL£.ljiII 
<- < ( iiLUI (Jjj LaldJ Lfe j Llo- I («J (j-^J 4_l^3ljJjjJl ; i ( J| <JlljjjJI s-l.il (jylc J-^p Ur*^ (wal ftiJI («-&l (Jj° <^>> jj-lJ lj-p-<3 

. L^jfll Jiielu-uV 
fljjl^ (J-Sj "«'■ I A^— ■ ^_ ( J_jl2j 4_jJL*JI 4_J»-J)^Jul dll j CjJjjJI (_ (i ( ii~ « 'U^dljJjjJLjlJI jjljjJI (Jjt mi" *|_ 

e^jJI ^LL>>. ^_ ^ii.1 jJI .'t i ^~^ vi ^ ^l. ^Ujj . ^SUI '4r M^ bin*- ^ M U^= ^Ul 

Li!j^>J,lj 4 se i b 1 1 ^paj.Cu (_3j_^u 4 Ccjj-U 4-jJL*JI i^j^Ulj 4_jjjull ajlj^sJI <JliL>-jJ £_ liiljl] w ,^~- .^JIJ 'j. ^ 

■tjljjjJL! £jUU LJLaJI 4_ajL2ll f-\j^>. (jjs i Mill (Jl ^j^^tl 

<■ u ( ii~ L^jI VI 1 l£Jj^>J,Ij 'LiejuaX I »r ' ^^— 1 *|_ JyjJJj (j ' "*»■'-> 3 < >> A A. « 1 1 i>-jjJul CjI J CjjjjJI (jf I n^— 1 

. ill I aL»jLiaj| (JILo «.lj^»- VI ^j^» ' *|_ <— ij i n" II (. ( 1 ( in L^4 2 aj IA< « 1 1 ^_ aj , « ,^>tl s.lj^.VI *§_ Ijl i"i*»olj LsVj-il 
a k^*-' . I ^-u-l!I ajl >j>- 4j>.jja ** "J ^ * ' I (_>$-£■ 4jt-4_ila (_ < 1 n~>» Cjjjjj 4_ijjjLLI,I ijs-ajJj 1- 1 1 j III I j1_lL>- ill (£l&ljlj 4-lui 
Cc-uJJJj Jlj^-u jLjklVI 2_ Ju»-VI «u3 (^Ju>J,l J^— ^Jb 2 AjU;tl ,i|j| ^yic J^aj Lj^s J-q-tJI *l_ol LJ 4^bj_«J,lj 

J -t^* ^ *» <- mi ">■ 4_AjQita ajlj_j>- <JliL>-jJ «|_ 'L-l^dljJjjJljIjJI <Jlij_jjJI jj_« JJljlI 4_j»-j)^Jul jLlLvI Jj ^— 1 <\ ) j 

.( Y . 1 ) J^uUI ^> ^^kHI 



- U . - 






plaJUY 
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TEMPERATURE, DEGREES FAHRENHEIT 



4_J»-j_} a_}Ljj_) jJltcJj (JjIjjjJI <L>-J)jJ (j| . LuLlII aJl>-jJ| A- (JjJ jJ l_iJ3j_LaJ I <\ £ — 'J . (Y . *\ ) J^~" I "■ (j-* 3 Tf" '" '-"1 



j Centistokes : ^j^^j 170 F SjIj^. i^j 



4^>~ )1 J-l£. 



' J 

(SAE 50 ) p^j lv 1 o^jtjjj^l t::j dP' ^*jlP ^j' 
. Saybolt Universal Seconds 



: J-il 



«L^ 



j>UI rf J^> ' 170 F Sjlj^ ^.jj jj^ (SAE 50 ) ^ ^ ojjU jJ^UIj (Y . 1 ) J^UI ^Ij^i^i^L 
250 saybolt universal seconds ^^Vl cUiJI (j^ ^ J \^. L^JLLSjij 48.0 centistokes : ^jL^j 



_ n i . 






plaJUY 







Cjj_j)-II ^jJ-3 jljl 100 F J <^— i^— ■ 4_ajJa_Ll,l ^LjJLj I j" se i ta a (J-a-C ajlj-J*. 4-j>*j.i * J.'^'J.^J' '»'*' ** aalaJ^a 

jub 4_ ^' aJI I j_4 4-a jjr" , n j (jf i_i_>j fj JJI ^^aJjjjL-^JI c^jjJI c-»j jjfc La . 7.5 centistokes : ^jL^j 

S 2 a alaJj, I 

(Jl ^5^jJL 1 100 F 3jlj^>. i^-jj jl^: 7.5 centistokes ^jLa3 i^jjUl jl Jlj-^uJI cj! jUta ^ 

pj 1 (j_ a j it A a j la < t, 1 tfJ—J ^'i rttl 4-a Jiir" 1 u J (jf (_< ->o (_£J_JI *_Jl U (jf tt i>i jJ ( Y . 1 ) (_L^3 ili_!l 

. (KEROSENE) 



t^VI JjJu>JI j_i£. I j~. a^laXa £_ ajjuil! JILUI C*j)JI £_ LflJ LalG ^jJI 4_».jjJLJIj L^a-JjjJijtJI 



4 , ^— . , Ijj 1 , 1 1 1 - >l IJ ^— . t, 1 J >> • 


1 4->.j|j±!l diVL^oj Sjlj^>JI diL=>.jj : ( \ . 1 ) JjJl=>- 


(mm 2 /sec) 4 ■<=- nl <i ; i^-> 11 ir>.jjl]| 


C 3j!j^J! i^jj 




X \< 


A- - \0 


4j>.|J2(l iluU 4_ujj \J 4 -»■ »^*> a 


n* - n 


y. - v 


<L>-1j2l iluLl VZ4 I miJj ^ 4- ,^n ^ 


u* - u 


y. - v 


<L>-lJ2l aj_(JiILa V4-4 i mijj 4 je ila a 


n* - yo 


y. - ) . 




VA' - Y,A 


A- - r* 


o (JjLc ALa-'-^> 


o Y,A 


a- - r< 


WE ^U^l ^U-u? 


A .. _ \ . 


a- - r< 


IlKI) ,t->«/>>U ^j>>./1-^1 <N.l<1<^S 



- nt . 









r^iirtffll 




O^J-*^ ^3^= J-=^ <-^h> 



aJIjl 



jJ_l3j 4_l^3ljJjjJ_uJ| 2 aaJaJLX I *=!_ 4_Ljia '"'jj"' ^ £■ JU £j^' a' Jiir" i u| Jljlj 

: /_ <i 1 11" jLlL>-1 4JL1 \_Ls_! 4_La 4_Llc jLilo-l *li i il\±£u •■' 



I -t^— ■ 4_ajLC (j-* 3 CjjjJI ljui 4_L>-}^_t*3 i^Ji-a 4j*-uj ^j^' "»■'*' i u i I j L ' 1 ill ^— ■"^V I (Jjn-a <_il i h-»> J_t£.j t aHjIjIlJI 

.( Y . \ ) J^— ■ uJl ' tcjJsjjO jjfc 



Top ball revolrti 

It lBOOR.P.M. 

or 1200 R.P.H. 

or 6O0H-P.M. Ball poi lock rino, ana 

disc holder insert are 
q interchsnoaaljle 



DynamDrrrtTif aHefnbly 




To 

[amparaiu^e 
controller 



Mtrcurv cup assembly 
[G round-hea (en regulator! 



^L-ljVI jj ijl^ixJjjjLjlJI dljjjjl 4_0*}J-t^ jLlIvI jl j-«- ( T . 1 ) J^ 1 — lil 



: "AjtSjJj^*^ I u^J>^^ Vi^i ()d>^ 

cOj-».j tcJjLj (j_C LjjJljjO I fcl daj| ,, LaJtJ 4_^=lj Jj j Ji_uJ I Cjj_jjJI Ja flj»iJ jj^lj 4-JjLLa 3 J^^^~" ' *^ > >* J ' 
tljj-jjJI t-jlij Ja A3. 4 jq itil (jr -l^. tiaLJiJ a J_C jLlicVI IL. *_tisjJI c_c_->o 4_lIc .aljiir" inVI J_ l3 <Jllj-jjJI tiUj 
j-JJ-J i_3j_<-u (jJ-J' oj-iiHJ,' J-^-H (J_al^lJ 4_ijIajJlj jLtiJI ^j-* 3 (Jr^'^* , ^' '-. ' ' "*-^' ;j I ^-— 1 1 1 *§_j 7 c -j- se "^ J*^~" ' '*" ' 

*\ JlJt" i nVl jJ-l3 4_JjJeJLl Cjj_jjJI CjLjIjJhJ •»■ .tse La 51 x-tisjJlj iJjLUl £— ^-^^-> La 51 (_3j_LaJl (jl I n^-' 

. tilJj ^1 Laj 4_ijiajJl «-'j-^>- (j-* 3 sLlLi 4_la^ilL>.lj c_ijlj_t!L (j_a '*-' "J <<S -^j-I' «-iliil «-i^>- ^jr"- i-lajl /- La »~ 



- \ \r 



l^l^j &&Jj>Lfc)l UjJJJI £l$j'l 



plaJUY 



AiJU^uJIj i^jdjjJUAJI 4*laJSf I 4x£j 




(_£Jij-J L«-d 4 J^~- ^^JJ I4JI Cli^-jjJI '£— 4_jjj_iJI oj_u_^=JIj aj_Lj_^=JI a! in -*.VI ojui 4j|jL HjlO^=3 ajlLUI 4_JL*c 
ajjj J-^= '4r 5_jJijJiJ1 a! in -^Vl (j^a (j^lV" tl aIj . Jl_jj«_JI (_£Jt_U l ^£- Aj^aJjjJUjJI LajfcirU (j£. <jrV ^'j*^ 

•liL^**' ^J^ *^l A$*zl cr L> ' ol) - ^' (ly 1 t - u iP' l^lfl^— ij 





(3) 



(jljJsJI (Jj^Juo jdc 4jtJ3j_a j (jdjWilim ji (— il ajJaJI JJulUI ^.j^dljJjjJljlJI d) jjjJ I jlils ( £ . 1 ) J^- 1 "■ 



x-jJsjj Vj « 4_jjjJ J 1^— ■' (jl Jljlj ^ ^j La ' 1 , 1 jjj° ^J JljLaJI OjjJI (jlj^»- jji-Juo Jilc S " <* J f-*^^ 

^iJLflJI (j-xs r-jL>JI CxJjJI JaJt-Lb tjj^=a (L^jlj^V J^aLlJI ) ' *J^~ '"'^ LJ i.ni nj V <jP->- 4 Se 1 ta t, I (Ji*Juo aLoI 
. Iajj*JLo J^-i .". > iUi ,^tl ( "y S jJJL2j (jJ-Jt aJJutlll <Gl aj-LaJ tiiJjij «U J^l jJI ilaJt iJaJI /ys (Jjsl £jj^~ ■_' 
1 ^ ,", ^— ■ It aJlJt" i n j asLtil jl jl Jul (jj/j^>o I gij^a aj jclb « (JliL-ul 1 ii">> ( _ r lc ^^ILso jJ^LaJI ^j^» ' Li!L(jfc 
jl (jjijjj—JI j" LaJI j-u_<Tu jJlJjj . \j-j->- VI 4_<-i5j^JI j_j^J_3 . /_ <a i n 3 S ^j La ] 1 , 1 A- 4_jjjJ«Jl a\ < n ~>>Vl fl-iL-JJ O-^- 
( . *\ ) (J^— 1 mi «|_ j^!>LaJI (j- P 1^*1 ''- |L * U 1 ^*.* g^^l M' a (j ^~> <l JJ • 4-a J La-Ll, I (jr^u (jl (J^lS CjJjJI (Jl Jj" i nl 

-Ut. 














CjL-uI i n-»o 



Button filter Port filter Line filter Fitting filter 

^.^."U j-p>Vl jlju^l jj}J-S jj-a SjJulLs f-ljJI (0 . 1) J^=u 



J_Lc j-j^LaJI tiiJj *Jslj-a (J-^lJ ( *\ . *\ ) J^~ ■ ■*■' tl J • i—aJjJI jj_a 2 ajjajj, 1 £-1j-^*1 f- L »-~ v - (jyic- la LflJell 3 a j la 1 1 , 1 

■ ^^-ijIjjJl-^JI 4_a j taiX I *lj^»-l J^= 



Wire-mesh filter 

I 




Return line 

y main system 

filter 



iji^ajJjjjLiJI Lajlall 1 iL. LuujjJl jj^Lail fJalj-a ( 1 ."\ ) J^— JL 



- n«. 




4jJj-* uJI 4_Uj_*JI 4 ^=3lL»XI 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 
gftLUl jJ$iaJJ (U^aU 2uU)l 3>bVI 



jjl$ifi;.L3uUwLJ 



^I^JJ 4j»j<tMl (_^>Ijj>iJ| 



1 



V 




^' 



*& 



^^ 



j,U!* *-""■". 



l>4 u tiij**» j^ 1 fr^ 






. (jj/Lm JaJLiiajlj Jj I La [ I i LaJt iJaJI - 4_<-uLjJ3 <J1iI Jl>-jj (_£jj>J1 Jajt iJaJI 
. <JliljL«JI *§_ ajlj^>JI i^jjj j«sj?tr»Jlj JaJt iJaJI <j-u 4^^>L«J1 : «-I^JI (j-ulj^j 4_uLjjlaJI (j^sl^-iJI O 






. Lu-uJiifJI jLaj^Ij d)l Ji^^JI (— )1 flf^Lalb JLf>JI <»UVI 






- 1U - 







I^J-JkJI sIj-JIj (aj^jolj <JliljLiJI ) j_*^3l_L«JI (j-* 3 4_Cj_«jji« (j-^ L^J-^ *-3^L»J 4_LiL*^a (jlajVI 4JL1I (jJLi- 
4 1 1 ii m «.UI jUioj (_£j^>- VI <Jl)ljl_iJI jj_a 4_Cj_«jji«j (j -1 "*" ' " ^~*J* A Y^ ^Ij-js. j (j\j*-_j_pj_i /VA (jr -ic (_£j-Ir>o 
*|_ slj-JI a JlJt" i n C°\ . Cj Lc LLi^sJ I m a j ' ■ ^~~ , J 4_La^jJI (JL^cVI /j " j ' ' ^~~ ' <4r ^Jt^' f*^r" ' "JJ- • '^*- ^JLujJs 
(_>ia_«j (J^>-l J (JliLsHillj '"'' '»^~* 4 -^ 3 J- : * - ^r p ^~' "»■'*' " <4r '-y^ LJ *"J cJijJulLJI *§_ Liajlj cllljl j i oJI (JliljLLal s-J-a 

■ 4_Wlllj cJi-JLilJI <J1)LlU.C 4- liUjl^saj x-Jl i^iU 
Ja flU I I J_& (j-^J • * l9t^ (jjui-Lj ^i_<j J-&J 4_jjLJ^j-JI 4_JtJU 1 jj_a j^~>-l_a Ja_aJ j_4 Lo^-uj Ja a] j 

. A-utj-tiaJ I <5j_&ljiaj *-'_^' <JliL^3j^>o <uc (_^J-*J J-&J (, Uj4u 1 1 sl^JI ) liLpLaajij . U Alt! jjiaj i Lo^jjj 
<J1)VU>J,I A- (J_«jlL! Ja-4 i ..j^— ■ ^.t^JI (J^ 4" i ill : j_& i kj » ijai, I «-l^(J' £_y£- I'J-A I Jj ' ^"* «4- ( J r J - u '- tu ^' ' t*J j * ■ J 
£_ p^— — " II (J^.1 (j-<3 lillj^aj 4 j** I LuaJI aj(j>Vlj (JliLLi^aUl Jji u,i" <Jrv) (jjs ^j^-^VI 4j>.j ^ic < 2^,/- I ;,^tl 

Ju3 CjLsoVI (jf VI « (J^LLsVI (jyic tjLuijVI 4_iic i_2jjij La aJu9| £ys , Uj » , ^ 1 1 «.|^JI <J1iLjjjLjjI (jf £>-a (S-^-J-JLiJ 
<_2j^slLJI til!ji_^=j Ja j 1 1 >i t, I s-lj-|JI <Jl)LjjJajj (j-ialj^. <— 31 <"i "^j| (J-^l jj-jo (jr jj3iJ,l (jj_3JI *_ij <jP-»- (Jlij <a"< i ill 

. Loj-*£. I gjic 

t^ij fljl_«Ju 4_aLC dll fljj ,^>~ ij^ij Li!LL4 
. jLal^j>JI .) 

.JSIj^JI .Y 

.^ijUJi .r 

I j »>> » t «_<5 2 a \l ,^>" ^ p|j^J| i§_ (JjJStJJJ ^j g3 » • 1 1 I j »>>» t ^j^. LlJj^J <1 I A~ . ,i a tl) UjJ.r»J I £jj^~ '**' <JllljLiJI «§_ 

(jr lc JaJLiia II j j gla ^\ jl Jlj>JLi <J1iLjjJ^>JI a > I l^s-J ^Jj_jj ajLlis III 4^*_uj Jj ' •-* ~ ' ' V L^I^aJj U^*.' 
(ja '^~"'J 4-lIcj jtjJsjJI 4^LL3 (JL«-&! ^j^—- 1 < ' < 3j , ;'^~' ^jj^— 1 " <JliUjj^>JI 4_^aj_>- a^LLs (jV lj_ksjj .(jljjLr»JI 

.f-LSJI jl 4 o aJI J-L^l (_^jLuiILa *Lcj ^_ 4 A^A-Ltl <Jli|jLiJL! JaJLiaJI 

*UVI J^=3 tt jf r«»^«" Jl^Lj jj-^aJj L(J (>-*-* J^ 3 ^ j^ c 5 -^!^^ cdLL* {j^=*Ji ajUJL! ajjUJI 4JUJI £_ 

.L^j^r^^JJI 
I £ ,£ ~^j a> ^LLsj a^ 0" i n a 4_^3j^»- 4JL>- «|_ Jl>-jj (JjLmJI <JliUjj^>. ^jLS ((JjIjjjJI 4JL>- A- ' ^''*-J JtJ-bjil J 
<Jli Lc j^jjta «§_ (JjLuiJI <Jlil_(jj^>. Jlj>-jj I JJj « ajjLj>J,l <Jli l_jjj^>J I <_jJlj>. (^j-^ o-^- «~t-lAJuj 4_t3L^3 <r> i imI 

- nv . 







(J_^=lJj (J-UjLj y»^e->.J ^ 1"^— ■ Ji3»jJ iOLaJu iljLuJl <LJL>J| *|_ -»■ La i oJl Jilc (JjLjiJI j^e_uJ Lojiic CjJlt»0 Lo 

(JjLtJ 4_J3}^_*J <JliljLiJl 4- ajlj^>Jl 4_>-j_}j i LaJt clajlj 4_jjtjjJaJl Ajjstr»JI j_a (J^= '~J~J? *j'j^ > ^'- 1 *'.5f^' -^^^ij 

. I j uzl* ' *_« 

.4lulj (jr ij3 ^LUI jL*il a2!M-c jLs LiJIseXI jLi-JI <JiiVL>. j_a ^jJL 4JI ^JLJsjJI luL-uLuHI cZlM juSj 

".^yjfc 4_U-uL-ul <J1i'j_(JlLo ij^G (jyic (_£_aIL>o ^Lli,' jliJI jj-)L3 

. P , U; , M 1 • 

. 4j^iUI CjIj-ialII (j-u <L3^L*JI /yC 4_JLc-«i,l <_ijUtl!l jjs '"- Ltaiieli i ul (jjjLi*. Li!l_L4 jf I n^-" 1 
. -il-ij-J L^LajLiJa jL3 CuLi I g i>^ , U A-s^ x_a jLi-Jl j-« ■ d - ;n'^~-' i.'i tie i u I jl . 1 

:£a}L*JI *-fu 4JLa < iJLuVI jc ju*j jUJI jl ULLa .Y 
P V = (const.) T 

PV 

= const. 

T 

^l3 = const. * (<>il^3 ) asiuti Sjlj^JI ^.jj = T * ^**JI = V * Jikil ,U;,M1 = P 

: A-SlLa^a ja^aj ajlj^>JI i>-jjj i La * i ta 1 1 (jf ^l <jLujV| <-_^*<J 't-JI C.--p»- 
-1U. 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 



Jjljil'i;lauUuLul 
plaJUY 






14.7Ibf/in 2 = 101KN/m 2 = ^i ,u;,Ml 

fl)-Lt.(^y a Jl>- a /_& a J I '-— i i u Lu I /^A ( LtS >C I i^-— i ) . U>» i^>i | ^y, LtJ3 a Jl>- a 



\Pa = \ 



N 



m 



lKPa = W 



\MPa = W 



N 
m 2 
N_ 
m 2 



". (_£jj>JI JajLtJaJ 



l£ar = 10 5 -^- = O.lMPo = 100/TPa = 10 3 Pa = 1.01325 x 10 5 Ar = 16(cm)Hg = 14.7^ 



m 



m 



m 



(R° = F° + 460)(£V + 



jI^j^ =u-^b > )jl ( K° = 1C° + 273 ) (YVT + ^^ 1 = ^J^= \ ) 



•.^Vl _oj*_l!I (JT ic ^LUI jL*U aL*JI tj^JLiJI ^liur J (j^— > <n '^i^-j 



py=m7?r 




Pv = 7?r 


V 
m 


= MRTvP 


v- v -, 

n 


Tr = vP 


R = MR, 



ssiut i Sjlj^JI T . jUJI ^13 R . 4 "h ^ l l ^a m . ^^Jl ^ V . Jlkil . Ui . M l ^ P 













(8314 J/KgmolK° = i? ) jlilj f UJ! c^lMI i? . ciV^Jtl jo*, n . ^j^J! oi^' M 



(j ^— i <n < (^L^jJI X—i-bjJI (j_C <Jl)LajJL*J,l (j)f~i <nj ^1 JljjVI x_*JsjJI *§_ <J1) La jJjlI, I ^j^i »-) 4_3jjla_l3 t. (^L^jJI 
(jl "'^0^~' II (j!— ^ ^ J -t^— ■ LxLu I jl 4 J-^>-' (j '* < ' jl .(jftjl— flJl I J_<fc AlJiir" iiiLl S laHaJH CjL-La^aJI (_lL-u a» 






PV 



Pft p 2 v 2 



const. 



T T 



T! = T 2 



PlVl = P 2 V 2 



: JL_i* 

^Ij^JI Jai us 20 gal ( 75.7 L ) 4_*j^ < i-ulj^VI SJUJI 4- *UI <>* fjLaj ^'VW ur- L " L<> - 4 ^ ol>^ 
4 !%_, i ^ j;,^-;, ji .i tu^u .i «j .i Jt ti ,u; ,^^1,4 < 20 Ibf/in (137.9 kPa) cSjL-^ <i_£ ^LlU 

.(LV)J^uSJl 



20 Ibf/in.' 




(a} Before 




(b) After 



)!_>>JI <>-jJ t - 1 >A Cr^- JL* - V ) J^-l i 



- U» - 













: J_^J! 



R = W 



V, 



^2 = 



(U7.9KN hn + lOl^V / m z )x (75.71 x 10" m/L) 
(37.851 xlO" 3 m 3 /L) 



= 478KPa(abs)(377 gauge) 



P 2 = 478 kPa 



478 kPa J\ 137.9 kPa ^ ^jL^ <«^>J1 ^^b jbjl jls , U; , M 1 jl ^}Li 



: tijLjjj^T (-Pi — P*2 ) daJLuaJI <^s>JJ 5JL=w £_ • 



py 



= const. 



py t p 2 v 2 



T T 



Pl=P 2 






-*V X T 2 =V 2 T X 



JL 



y . v ) j^, A tl Uiw U^= iii^k^Vl ^Lb jIj^I J! ^1 u* 93.3C ^.jj J I 26.67C i^jj <> ol^k^Vl 




JaJLuJl Cj_^ ^ JliLa (Y . V ) Ji=ui 
-HI. 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 










: J*J1 



-!-=^-->v 1 r 2 =v 2 r 1 



„ = W 



^2 = 



[(93.3C° +273)(1500m 3 x 16.39cm 3 /m 3 )]" 
(26.67C+273) 



= 3005 km 3 = 1833.3m-' 



,3J1 



1833.3 in" J! 1500 in" ^ ^jLs Sjlj^JI ^jj SjL>j jbjl jS <a«J1 jf Ji^G 






PV 



= COH.St. 



W p 2 v 2 



v, = v. 



p p 



jj-a 4-LiJe-ca3 aj < ( T . V ) J^=lAJL I »^=3 ^^-^Li iKt La (2000Ibf/in ) ^J lLsjJ,^ a *lj_4> <U (jJLLa ^LJl 

. (j^sttulll 4jUr Julj (Pgauge) (j-uLiXI JaJLiaJI jjfc La < 25 OF 4->-j-S <j}l 80F 4-3*j-i 



-Ht. 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 











p - 2000 Ibf/irt? 



r«80°F 



Pressure vessel 




T-260°F 



Hem 



,»**JI c^3 ^lc JliLo (T . V ) J^r„ 



: J-JI 



P P 
_L — 12 

T T 



PJ 2 = P 2 T t 



P, =^^ 



A = 



'2000^ + 14.7^ 



V i« 



m 2 y 



(250P°+460) 



(80P°+460) 



= 2649Ibf/in 



: (jj/LaJLl Lka-LuaJ I jLsoV a t Jjl La a jJt, l_ui> JaJt uaJ 



P 2 = 2649 Ibf/in 2 - 14.7 Ibf/in 2 = 2634 Ibf/in 2 



,2 J! 



2634 Ibf/iiT J1 2000 Ibf/in^ ^ ^jlii SjIj^J! i^jj SjL>j jbjl j3 ^UXI J^L^JI <j! -k^ 



** 35 ♦♦ 

j^ ♦; 4- O-^Jj' Cj}HJI (— iI^ulLU Jltv? Cc-ufu Jlju Jl^Ij j-iiLLa tiJLofc jl^a 4_uJ?Lll Cj}HJI <J1iVUJI 4- 



jLkJI (jj-lLS a' JlJt" i ill (. 



.ur. 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 



Jjljil'i;lauUuLul 
plaJUY 







^jl sMjU , „vi ^j.._. ^— ^ 4 2000 Ibf/in ajljuLs ^Lla .U;.^» c^>o 1500 in Lg^t^ r,ijU,„f £_ ^.1^ 
s-jj ^Jl 75F i^-jj (j--« ajIjU di^l oJL^fc (j^a- ( .I j jdi-j cxJs^JI ijii rt*< IL. luuu in (J I *s^?tr>JI J-^j (jl 
^ol^uVl Ji.b * Ij*!] ^UUI o-UJLI . Ui . M l ^^.(LV) J^-. ,t ,tl ^_ tilJi juiLi: U^= 250F 




1500 in. 3 



p=2000lbf/ln. z 




1000 in. 3 



Heat 



L*-a ajlj^>JI is-jjj j«sj?tr»J I j-iij (jyic (JLLo ( 1 . V ) (J^~ i <"i 



py, 


P 2 V 2 


T, 


T 2 


P 2 = 


Wi 


^ 



^2 = 



(2000/fr/7m 2 + 14.7/fr//m 2 )x(l500m 3 )x(250F° +46p) " 
(75F°+460)x(l000m 3 ) 



: J-~ll 



= 4011Ibf/in 2 abs 



P 2 =40\Ubf/in 2 -U.lLbf I in 2 = 3996Ibf / in 2 (gauge) 

1500 Ibf/in (j-* £-^j' -^ ^Lh^' ^-J- 5 ^Wjj t <i ^ : ! tr,,, ]' J J^" JL *^ (Pgauge) o^^' Jai-tia 11 jf Ja -»^lj 

3996 Ibf/in 2 J\ 



-Hi. 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 



plaJUY 







•.(SI) <JllljL3-^iI (^JJlII aUiillLl (Jj^I flj-a JLllt J^>0 i^^mi Ct-L.LLiJj 



f,= 



13793^ + 101^ 

m m 

23.89C°+273 
v y 



/V 3 3 a 

1500m 3 x 16.39^- xKT 6 ^ 
m cm 



v 



(l21C°+273) 



1000m 3 x 16.39^- x 10~ 6 ^~ 
in cm 



(l389i2V/m 2 Yo.0246m 3 Y394^ ) ,^, /lf)7n , , N ^ CAnl „ , , „„*„„ , 

p 2 = ± j \ ft z = 2164SkPa(abs) = 21 541 kPa(gauge) = 27 .5MPa( gauge) 

(297^ o X0.0164m 3 ) 



/-JLv '"- cla ajol JiJ3 (jlj^JsJI *§_ Jj^>-jJ,I s-lj-JI ijjlj-jv. 4_js-j_} (jf i la a»^ ) <J"jLcL<-u ^ » i aa ) j^j a Jljlj . jl_i V,Y 





JaJLiJa 11 4-s-iJa (j| Jl^>o 4_JL>JI a Jl-& £_ < ( a Y ♦ ) ^jlj-JsJI Lgj Jj_j>-jII 4_3jJL!l ej1j-^>- ^-jJ (Ji CcLujj 

. jL "\,V fjJb A^CUL£>^X\ 

• *I_5(JI f-3-i o^. Jai-tiaJI jL#»- <_aJ9jJ bsjd^. (jljjiJI £_ *1_$(J1 l(jjlr (jL^= ^j-JI ajlj^sJI 4-^jJ (jj-*^ 3 



PI = P + P 

r l abs r at ^ r e 

Pl ABS =l + 1.2 = S.2bar 
P2 ahs = 1 + 6.5 = 1.5bar 



V x = W 
V 2 = \m 



T^=20 + 213 = 293K C 



W P 2 V 2 



T T 



: J-*J! 



i^liil jUJI o>>^ o-^j 



. \r<> . 






ri .WZt.5ZL.|^l»3.320r«.47C' 

p 2 y 2 /•, 7.5 



slj-JI ^-3-i (|>C, it-it iMI jL#>- L-dJSjJ Lajd^. ^jljJ-JI '£- £-\^d\ l(jjlr tj^ 3 Ur^' ^j'j^*^' ^"J- 2 O' g" **''**""*< «t_Laj 

4_js-j_} pLajjLi (wol ua-j aVI <JjJlJ9 x_-djjjjj . jLJkj fljj-J-a 2— J-^J s-1— LI m- a 4-lcu ) (val uaJLal < jr -Lc J-^LJs ^Jf^' 
JaJLtiaJl ' Ja '~j~ Vj «Gjlj^v. <L>-j_}j «-'^t^' ^tS-*^ 3 - 1 ^* a '~J~ *LJll (V°' '^"' a ' <jr^- *'_9*^' *J^ 3 

: (Dry air) e-aUJI ^1 • 

<jiiljl_c.j /VA 4 1 ( .I m JN (j-u>>^ru_L!lj /Y^ O2 Q -1 '»■ ■ " ^— -j^t (j-* 3 >-*a-4 La- (j_c ^jW*- <— sL^>JI » 1 j-J I j-<-T<-<j 

. Ljjj_2j a i 4 j i n m (. La j Lio j i$j^- 1 

: (Humid air) <_JsjJI *1^JI • 

4- jLitJI Ijl-u dlj-fJI Jj-j lij <>-Jl c—-p- x_lAi!I ju>. J I dLLI jLit^j J^st* *L$p' u>^=y ^ILaJI oJl& 4- 

: (T db )£aUJ| Sjl>*JI ijvjj • 

: (T w b)iJajJ| «jlj^>JI i»-j-i • 

4_j>-jJli 4_lL3jJI ajlj^>JI 4_js-j_} (_2^jij .«.HLi (J-LlI' (_)Ii1 mi \\ £_yja * » La a ' SI LaJLa 4_p-L>-jJl 4IlL Lis ' « (_£-Sl-C. 



- HI - 







*lj^JI jj-a L#JL^= "J^KP 4-ILlU (jiLUI 4-5tIaS jj^ 3 *UI j^=h-^ ^j^UI »jlj^l o^ t^AJij ^LLoVI x_Luii!l 

.LjJ 4--4JJ3 JJ9| (_JajJI jUajjijILJl a*1j^3 J-i-aJ LajJ^. L(J}L». jUI l£3^' 

: (Tdp) (^JLill ^>*j-> • 

.(_£jj>JI s-lj^U (_£Ju-J1 4_3*j_} e *-4-*^ *UI jLi^jJ ^jijj>ii\ JaJt iJaJI ^jLs 4 t i <"i" 4_3*j_i (jr^- <— ^J^ #. LJL 1 

: Aj^lajJI 4, j, li,i*1 • 
. e.sL>JI r*Jj ^ 4jb^=JI SjL^aJ ajJiLUIj L^J-^l *'jV 4- 2JL>.|jjXI *ULl jLi«o 4-Jt^= (j-* 1 ajl-LC ^^^ 
x--a .4-jjL*JI SjIj^sJI <J1)L>-j.}j i_£_oj>JI Jai LtaJI Jii^. LJliLa <JliljLc. *UI jL>oj <— sL>JI *l_o«JI j Lu£. I ^j^— ij 

^jl C^p*j . ( j'^— 1 <ij La j 1^— 1 1 sLtl jUc-l! ^ij->ii\ iKi i^itl (ja^nj LoJiic ( j'^— 1 <ij La j j^— 1 1 Qj^~i~J l5>^' 
LaJiI^. ^j^— ■ 1 ' La j_t^=l £jj^~" '**' «.l_a^U 4_ijiajJl 4 1 < u <i ^jLS (_£Jt_iJl 4_>-j_i <j_}Jir»o sLtl jlie_J (^j^JI Jajt ila-ll 

.1_£_oj»JI s-lj^U <LsL>JI fljlj^>JI i^jjj 4jj1 ( 11 a ^JuJI 4_3*j_i •»■ j 1 taj 

: 4_u_i_u_LJl 4jjJajJ| • 
(Jl (^JlIJI ip-jjJ jiiLUIj (^j^JI *I>(JI '4r Jl^-IjIII s.UI jLie-J ^J^JI JaJLIaJI 4 j , n \ <j_C. ajL-LC ^^ 

.(^^oj^JI «-\^\l iaL>JI ajlj^JI 4-^jJl! jJaLUI sLU jLie_J (jyJJ-^- Jai-LO (jrlc-f 

: 4jj11,| 4jjlajj| • 
4_ijiaj 4_l«^3 j_t^=l (Jl ^JuJl <L>-jjJ ajJiLU'j (_£jj>JI «-l_a»J' <4r ld »^»^'^' 4_ijiajJl 4_l«^3 ^j^. ajLlC (jr A 

: Lui^iJ! LtJlliVI • 

. sl^JLi (Jj-t-iMI j-;P^I (j^- J^f-*^ l?'-^' 1— aL>JI *l_o^U (^^j-LlI j«sj?tr>JI ^^ ^j^-^- >* 



- > YV - 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 



plaJUY 






j ( Psycrometric Tables) (£/UjjSyuiJI JjIJl? 

:4_jJq]| (j-i5ljj>JI (_£jj>J| i La * i ta U 4-ij-*-a 4_^_l2J ^ La «"' (Jj1Jl>. />£, ajLlC lQ" "JU ^~*- ' " (Jj'^ 3 * 
^yil j_Lll j«s^?tr»Jlj i_i£.j_LJI LuJliu^M i 4 jj in ill 4_)^LajJI < 4_JajJI ajlj^sJI i^>-jJ < 4_aL>JI ajlj^sJI 4-j^j.i 

i ( Psycrometric Chart)(£iwjj£^l3iaJ>£ 

4-*f3 Jl_Lc slj-jl <J1iVLj>.j (j-alj^. <j-A_*j ^jLjj t J_u.c-> 4-J-J-* <jr^- 4 ' J ' "J £>£. ^J*-^- l£p "JU ^~*» ' " ^-^dj^ 

.(_£jj>J| aajt iJaJJ 4_LLt-a 
, La j LaJ«J I /. LaJtJj «.! Jlj*. 4JL1A (jr-ic ' 4_jJl<JI ,J'^~" ' "■*' *|_ tcjJsj^s j_4 I n^— 1 « Up" "JL? ^~*- ' " ^-^J^*" 3 

( Saturation Line) » iA~tl JaS* . ^ 



?v 


fe 


a 




HrC 


?v 




t=c 


^S^ k 


i 



H 



4_jjJajJ| 4 1 , n 1 <J1)LlS j <LkL>Jl ajlj^>Jl 4-3»j-i cliLu « * j ni'll • i U j La ■■>- ( . V ) J^~" 1 "■ 

sHI jLJcu /__)\^>JI JaJLiiaJl 4-*J-3 (^r*-C . ( t) ajl >j>J| 4^>-jJlI 4_Li,t-a 4_*_i3 vIo»l t * 1 mm 11 tlaj*. (Q-<jj>J 
SjIj^JI i^jjJ mJ>U (^ ^JUaJI jj^= . (0 .V ) J^-im, 2_ (a) ilaii JJo* . (Jjlju>JI ^a ) (p v ) 

■ ^-(-■TuTiJI iliv (_p-4J (_2j^_u (3J ^ Wirt rlt (jr ^JilJI J^>Jll . (tj 

: (Constant Dry Bulb Temperature Line) iaUJI SjIj^kJI **j.j ciLo .UjU^ .y 



-HA. 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 



plaJUY 






.4JJ 



: (Constant Humidity Ratio Lines) aj^jJI Z-u-uJ ^Lj cLajka* .V 

. (H) ij^LsjJI 4_uaiJ <jiiLj .UjU-^. JIcj (o . V ) J^=lAJI 4- i^Vl .UjU-Ltl 

: (Constant Relative Humidity Lines) ^...;t | ZjjLj1\ iIjLj .U jU-^ . £ 

p'" 1 * . (t) ajl>j>Jl 4^>-jJu 4— luu 4_*_l3 \Io»l t 4j 1 1 nI ll ijala <JI <Jlil_ij i La j La a- fd-uj\J 
*lj^l I j M.r ^Jl (R.H.— 1) y-LiTuTiJI iU-^j (R.H.— 0) (jr S^VI .U-^tl (j^j Sjj , ^ >, t 1 



R.H=1 




4\\ i.n ill 4_)jlajJI <J1iLij i La a La ■■>- ( *\ . V ) J^"" ■ "■ 
, U j U ^. (jr ic (J lis -»- ' < flj-Lal— llU Oa-SJ II (J-t^3 . (t) ajlj^>Jl 4_js-jjJ 4-ajQita rftJ-SJ 4_lL«_*JI jj_^a 

.(1 - V) J^ „ , ^_ (H = C) 4 jjhm I I ojLjJI 
: (Constant Specific Enthalpy Lines) ^jiJI LJl!uVI c^Lu ia^ki. .o 




4_tiajJI ajlj^>JI <la*j-i <J1iLj j 4_t£.j_LJl LLjJliu^l <J1iLj Jajlaj* ( V . V ) J^— ■ 



-UU 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 



plaJUY 







« (rl) 4_ijiajJl 4 1 1 ii ) 4-a-L3 (j-A-C • (t) ajlj^>(Jl 4_j>-jjJ 4_Ll*_xs 4_^ t l3^IL>.| i LuJluVI <J1iLjj Jaj». p-<-ujJ 

(jr ^ u jLl ( JI J^>JLl . (t) ajlj^JI ^-jJl! 1 rtl"-^a pj st LJUaJI j>^= . (V . V) J^=a-<i 4- (3-) ^WaJ jjo* 

<UjLo i * ^jl^uula LuJQJVI <J1iLj i La j La ■■>- (jl i La a»^ J (1 = C)Lj-l}QJVI <J1iLij Jaj». (JIL^J i_2jjjj (3.) a La a 1 1 

: (Constant Wet Bulb Temperatures) S-JajJI Sjlj^JI aj>.j^ cjLo -UjU-l .1 
J^— -■ £_ < LuJLiuV} <jiiLjj Ja -^ (jLa ^LjLjVI * j Altl 4-^jj J-iUj LJajJI «jlj^>JI i^jj (jl c~-p* 

da ■■>- *_a LjjJGJVI <J1iL_ij Ja ■■>- xJaLSj 4_La.dJ .4_JajJI ajlj^>Jl 4_j»-j_i <Jlil_tJ Ja ■■>- (J-IL4-S <_3j_<_u 1 (V_V) 
2-^>-jJ <J1iLjJ Jai* (V.V ) J^— At I £_ (3.3.) Jaj> Jj-«W J .4_JajJI ajlj^sJI is-J-i A-^-iJa JJu>o (3.) » ju,"itl 

. (t a =C)UajJI Sjlj^JI 

(Constant Specific Volume Lines) ^jiil ^**JI cjLu ^jU .v 




(^.^iil r*^>J1 CjLu .UjU-^, ( A . V ) J 



<=i A 



>-jJ 4_ ^_l3 (j-A-C (*-2 -(Py) «■!— 1' jLtc-l! fj-jjj^l] JaJLiia LI 4_u_*_a 4_*_t3 ^p_j>- 1 1 p -y^.t| <Jlil_tJ 1 La a La ■■>- p_<-ujJ 
.*UI jUtJ ^>>JI JaJLuaJJ i^Lka pjJal LlU^JI jj^= . (A . V ) J^,1. 2_ (a) Uai JJo. j . (t)Sjlj^J! 
p^e_->Jl <Jlil_tJ 1 La a La ■■>- (jl 1 La a»^ J . (V = C)( jr Cj_iJl p^e_->J' <Jlil_tJ Ja ■■>- (JlLo i_2jjjj (3.) a La a 1 1 ^^^^ujiljjl (Jj>J,I 



- ^r. - 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 




plaJUY 







4-a.bJei.l *t^«Jl (j^sl^i- U^H" ^dP 3 ( ^ - V ) J^— i 



■tXH^jj^-.j,,,!! iUj^ ^lc o ilaSi jujl^i] (d.b & R.H) jf (w.b 

: (Importance of Psychrometry)^ aj^a-u-uJI S-l*aI 

(Comfort ij^ljJI 5JU- ,j_L>oj j-^j-j l£JlJ1 *L$V ' a jj^" 4JU- {j-c £j>.IjJL1 *-lj-^JI < a ^^-"jj. 1 «" j; *j 

<L>.|jJI 4_JL>. 4_aL>JI ajlj^>JI i^jjj 4 jj in 'i\\ A-ijbj}] jj_a '"'^ ^j**'^ o^*.' (3^*^ J • o^ uiJ^U Condition) 




(j-a JjJlj>JI £_ 4_aL>JI ajlj^JI 4-»-J-iJ XV ^J\ 7-X * ^ -ijJ^>Jl 4r 4-l.h.u-l!! AjjIsjJI <j_^aj (j| «. 



J-^^ 



- > r ^ - 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 



plaJUY 







ajlj^>JI 4_j>-j_}j 4_ijJajJI 4_jLJjj Ja^a>j Jjj^"-"'^ d ^JJ^~'~ -^J-^' d) ^"^ a-U 4HjJl«j (J-jlS (jr 3»jL>JI «.|^U 0Jlj-»-j 

dluljMi 11 (jr Ic ^LJtl jL>o x_La ^ ^^j L-4^= .SjjLlJI ttU inVl ^^JLc < l£>^I *-bV' ^- jL ^ , 'j-^ > ' ' *^' 

.aJijLlJI tt V> i nVI (jyic /c^'-i elj-A f-^^4 1 jl PT^O^' O-^ 1 U^-^J-^ ' . 'J^~Lp ' L^j'j- 3 * <jr^ . J T-3^ P>\^o1jljA^ 
'£- flJjLJI pda ••■ s ^t (jr JLl jLsejJI ' flji^aJ *_U Laj^UI lLjj-iIJI JyJtr»o £_ bsLfc IjjJ i^Jlill i^J-i t_mJj U^= 

. Lflj-t^a /j-liUI s-LaJJ ilJsLiJI s-lj*JI ' ^J»^~***' J " "^J a (J-*-* 1 ^^^^~ i U j "* jj^ 3 ^ ^' 



:JL 



. ill a^aJJ 4j-£5Lo SJLlaJ (Jj>-ljJl jjj° 4_LLa_La ajj^uLll ^jLiLalc 









^ VAPOR 


BARRIER 




INSULATION 




\ sjfr'-.- "..';■* ^N, 


^TRUHK DUCT 


TAPED / 
JOINT 7 




^•^V:- 


■1 IRvr' * 


^L ^_^— ACOUSTICAL 
J -><; DUCT LINER 



JliXK u .v) J^^i 



Ja-4 >J,I s-la-JI 4_IL>-a a j a_ijj LaJj ^_j>-jU>JI -^ La i u 11 ajl>_»- ^^>-jJ (j^_l < Lp" "JU^ - *. " 4-l3)L>- a! Jltt" i nLl 

:J->J! 



rtajLuJI5-b->ll 
»!>^Ll<LuLiidaJljal^l 



plaJUY 







tt i^i i ii ii aji 



s-jj (J-J-4J (S) ■* La-2JLJ I (jl Jl^»o ( \ T_V ) J^~~ i "■ Up" "JU ^~*- ' " 4— LajLi* AlJiir" iiiL) 




(fljj_^UJL! (S) ^^jLj.JI ttU (ii 11 fljlj^* ^.JP (j-* cr^-' (dp) 4-La.alU ck^pJll S.I34U ^JuJI 4-»-J-i CxJL^=jJ 

^j,^- cu>j (s)^jUji ^Uinii sjij^ ^.jj ^y < ( (n . v ) jj^uiii 2_^> u^= ) ajjIj^ji jji^i 

.ajjjjjUL it-ij-»J,l *I^U (^JilJI i^J-i 0-« cr^-' 



- \rr . 




4jJj-* uJI 4_uj_*JI 4 *^— LJLl 

.tviffl() lliii)Tillf|.tvifill piln ill nnlnll niiiinq oll 

;JLI! >^aJj feu^J 2uU)ISjIjVI 



jjl$ifi;.L3uUwLJ 



Jaj)» <^I, I £ I J-J I J, I tST*L. 



I 

% 

1 



A 




^ 



*& 



^^ 



,»U!t : - t ^-"- 



|>4 U Uiji*» 3^' fr^ 






. 4_1 4_ii]L*JI AjilsJI (jja 4-fl-Lfljso J i (-11 j i nil (j-o 4-fl-LksJj Jl*-> i t-*»j « i <a I , I c la- II j lua-aoa ijjisjJl /dJjiLfl-a O 

. J-4-*J I A_ i La-i i at^a , U j « r >> t 1 c I ^J I a I Jua-~ i » I O 



<jiiLc.L-u V 

(jr Ll (_2jjlLJIj L^cIjjI (jyic <_2jjlLJIj i taj » i ia 1 , 1 r ^J r M J • ■'■~-~-"\ J^jiXI *L. aJ^^jJU i La <* I j i ia 1 1 4_bL*-a 






- > ri - 







}4 " J& 

^_ (J_*aU Ja-4 i ..j^-i s-lj-JI (J!M t~ ( nl j_4 t , Uj » , ^ 1 1 s-lj-JI (j_C lj_& Ljjuua-C *|_ (jr -<-uL-uVI aj j*M 

J-^l jj_a i-dJj ^— j LuiLli^sJI aj ^>.Vlj <Jlil_L^=UI J j t mi" (_^>-l (Va (wai-Vl «t-»-J (jyic J < icLi^aJI <JliVL>J,l 

: JtaJl^laxw^Sla^UdlUI^AJI 

. (J-c-*JI «|_ i ^j * i ta 1 , 1 s-lj*JI a) JlJt" i nl (j-* 3 t—i^-tCj y'j-^ <-^LLfc 

: JojJuiaJLl ^l^jJI aIJ-VkiiI ulj-« 

. aJuju <— ilal ( nt, (_ijjLJV| (J^L>- i La a LcIaJ, I s-lj*JI (J-Sj ^j^— ■ a ) .Y 

. (j^j^fcldJ (J-)L9 ' Laa » i ia 1 1 «.lj*JI .Y 

. j-^-51 ij)\ lLs j 1 1 ^i t, I «-'^(J' t_cjj_uij (j^~> <ij • i 

. ajl>r»Jl 4j>.jJia aj>Jl dll lLSHJ L-ul i aa> (j-"J-J ' La a » » ^> t ' <j|aj| .0 

. i ^j » . ^ 1 1 ^1 a«jl a) Jiir" i nl JlI^. <J1i1jL*j2j1 jLLai-l Jl>-jjV .*\ 

. JjJL>J1j Te-Lmlllj (— il mi--»>V1j 4_jj1 JuiJl dllc LijLtal! ^ -t j a (jy^S til! jj « ^LLilaj a_il_a i k>j » , ^ 1 1 s-lj-JI .V 

. (Jl <a t" i n if 1 4 1 j i u J ^y^JJ) 4 • ^j^j ' log * liai, I s-laJL) <U^3L>J1 "*\ j"*~ * ' .A 

. r-LuVl iL. <LJLc <JliLcj_<-u (JT ic Jj ,^-^tl I ;;^— ^\ iJJJJljj *-Jj-<-u dnjJu^Xl *l_a-JI A 

. JjJl>- ^Li i ^j » i ta 1 , 1 s-lj*JI j-t^LLc a^Sj 4_Cj_<-u £- p^~" ' selul ^j^"" ' 1 ' 1 * 

. JuljJl JiaJt iJaJI JuJa LoLc-) 4_La|_a i ^j i-tiai, I s-|_a^JI aj^>-l.^ 1 

. Ij-tLLuo Ijl Ju^sl j J L^aJ (j| ^j^—- 1 < ' 3 »-iaLuiXI <J1i L^aj^ellJ 1 . 1 Y 

La Jl>- /Jl t_i_jJ L^=xTlI I 4 » -^"m a 4JaLL> J4J3J 'LajJLi 1 La a » 1 ea I , I «.' a-J I . \ 

4_ijlaj j| CjIjJ jLS LjLoj 4jla (^^f O^ ?" 1 ' "J Vj ' I J-f>- 1^1 JLcJ . Uj » , '^ 1 1 ^IjjJI j| JLC.1 AJ-Lf • Y 

(.UU.^'.VI J j Sj ?ljJI (j^ ) '"'1 ...Ij^— It 4_«Jalisj SHjIj ic.j-.-u '-^ p"^— ->",tl J ^ C^V Y 

Jaj>.aJL! 1 La i 1 ea 1 1 JijJLs^ ( _ T J^- <LaJ3jIl£ 4_LL«.a ajJLB ( _ 7 j->- ^-La ^ a ' ^jtl^— <"tl ^j^zAizJua ji^u 1 La a i 1 ga I , I *l_o»JI ■ 1 

. dJLJjjJUjJI aI JLa-" 1 nl J 1 ea aj L&JUljj 4x.^ i ntlj ( J I J m< 1 1 ) (JjJ-LaJI (JjJaj 4 La ;~j a ( jLi V ) » il . ^>t 1 < 

. ej ' •'—• z Ltis ajis Cj JLso 1 Ioa » • ea '. I * I a-J I 77 ajj^ . 
.uaij diJvIl jL><-i 7TJ)>*" '- ' ' ' "j" 1 ' ("J""" '"'"H <i <^>jI ^j^** ' *' 9jJl ^-^ Llaijo ."l 

- ^ro - 






plaJUY 







< ^LUI jLiJI Liljl >n t*U dij 4JI jLlkllj 4_JLc j3Jj (jjJI J-aljj«Jlj (_^^j>JI *1^(JI (JliL >nL-ul ( _ 3 JLl <_2j^*IJl Juljj 
.4_uLaaj_ul ajJiiJI (J-2j 2— 4-al Jltt" i n 21 i ^j * i ga I . ' g la, II < uJaj^J (J))-* 3 (j-^- ^"^J" 11 "j"' 1 4_i_uL>JI <jjufc rfi"cV < i u 

jj-a j^l"* 1 * II («-J O^J Jag I »^>ll LJaio (J^ ' 1 - i ' '■'■''' f-f^*" LV 1 J^ t-t>iJ < LSjLjj ^-^\ Jjj) '^"' ' I («-> I ^^~* 

«.HI jL^>»J (j-^ s-WJl— > 4_2JL*J| 4_ijiajJl jj-J (_>^alieILll Ij_lj>.|j JaC LjaJI (J^>-|j flj**' mi "itl *|_ Ajiir" i u U Cxjjjl 

/JLlI i ^j * i ta 1. 1 r I j ■ 11 j " ta >■ ) 4_2jjJa £)_£. (jr^^ u - a JJ ' "~ > "' d) _ *j ( h -1 ■ ' ■ ^' J^~* '*" J ^ ' ■ ' ■ ^' J^"" 1 tliJI 



(; U c_t^,js_s 




U , 




£> 



9 






F 



^^C^> 






*-V(Ct* 






lLs jJLiai, I «. I^jj I jji>i-»o ( I . ^ . A ) (J^~> mi 



- ^rn . 




















.WKMIMlMMf 



.4_a 



IJ k i u 



, U>j » i >> t I r \j II . / ,>>-w > ( < J.) . A ) > J'^— | LU 

2 Ij-j-a Lin ii j V <_sL>. £.lj_& (jr-1^- (Jj L.a-Sel! 4_i 4_2JL*JI 4_ijiajJI (j-a *-'j-i^' lJj—uLso fCL^Tu 



(<s-j (j-aj (i-ijIajJi 4_l»-L<-u ajLa ) #ULi (wol uaj « » 4-J-JLc <LtLiL3 LJ jIjjs (jj-"- ' . ' J ' *l3r' JJ- 4 - 1 O'- 1 L?-*J 
(T . A ) J^=lAJI 4- La^=> (jyi^VI (j-a <-3L>" *lj-A rj^*4i ' H>J,I Ji-uil (Jl x_4J5=ll,l «:UI ' ftj ' aj 
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^LualaVL) (-Luiseljl ( T . A ) J^=u 
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wm^T$$= 



Jij^-uJLi ' fljJL^Iul <uJ »c Tj-^" ( £ - A ) J*^— i 



jLj^xiJLi (-LuLaOJl ( V . A ) J^=u 
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jj^a lIlJI *|_ I -t^— ■ Cj'j_a oJlC 4-a' JlJt" i nl iOLclj «LixksJj ^j^— ■ i ' I t^— ■ ( " ' I a • La a JiC *§_ jlj^~*J 
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plaJUY 






4_aJii>JI a Jo*j ( 1 . A ) J^=3 ■ 



rat! 



F-R-L Symbol 




JjlJa *l><fc>ii3 ( . A ) J^. 



JajjiJaJ ) jJL*-a (_y^- lS^-^*'- 1 J ' ' ^ lV 3 f*-iLSJl l£^-*-1' (J-^J - ^' "-^^Jl ^ ULJ f-'^jfi fl-iLc 'LoJiisJl «Jl>-j 

. ( 1 . A ) J^=lAJI 4- U^= ^-■i.ajjiiaj («L^Lij ^.jlUtl ,U;,^tl 
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) J^— ■ '"' II . 4-kJt tia Juu i k>j * i ta I . ' ^ I Ojjl ~»- ilaJ a Jl?-" i n" ell I >*■ »^> « L^j 1 *l aJI Ja£ ' a i as ,-lc jl^' (j| ^j^~* < ' 

• *ljfJI Jai:l '^ (jr ^L JJ VI J^ £JI (J^jj ( A . A 




dljji ,UAl,x ( A . A ) J^ mi 

j«ILj C^— *->■ *** I 2-Lta 11 <JliLal Jiir" < nlj ajjL^JI <Jli'jLJii i_aU>JI /- SJLII s-lj*Jl JiJJi^-J J-* J ' ^ lilD (j-« <_2JlJ| 
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Rotary lobe assembly 



wes? Air 








Air Oil 






■■■■■■■■■ 


Oil 



Bearing __. 
oil filter 



Discharge line 
check valve 




Thermo-mix 

valve 
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. (Jj^=ij_a -ijlls Ja£ I La O * . A ) J^=j ■'■■ O 

. S^vljVI <+>-ja ,UAIj.^ ( ^ Y _ A ) J^=^i O 





iSj^J « -ijL^ ^LaiLb O * . A ) J^ ■ 
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. ( Y ) ,U;,M1 ^> Jl ( Y ) ^ijilj ( \ ) v^UiVI 




jiljjjl Iai:Lb J^r. Sjjj ( I . ) Y . A ) J^=u 



pj-^-j A^-C- ALq-i-^ Jlj>-jj C.-- i p> . ( Y ) OaJt ila II Ij-xj>- A- slj-JI JaJLtia-j i (jr ic^U (Jjij^dJI 4_^aj^v. «.lJj| j 
. ( ) it-it >>i 11 aj_?e->- (jjl ( £ ) J^_(_ll j_(_C lLsj tin t, I «.|j_jjl J— 4f • *— Jj-dlJl (_c_ulj| (J I «.|j_jjl JJj— a *— i-4f 
, U j « , ^ a «.|j_4 ( _ 3 -ic. (Jjus >ij I J_^=lj4>j .4_t3J (J-J- 3 O ) 4>f-M (j)\ «-'ji^' f - ^^ (JAj-u J (jj/Li^aJI *-3.i jlj <a"i i nL 



(3-l£. j»Lfl_i^3 .A 



g. \ j_& /C^=D^a . 



j^Ijji ,t-,;,M' 



>!La 5-iL^ • ' ' 



(lie aU^j . i T 






lilj^Jll.U 



^IjjJI J^-O 



ftl^JI ^-LJjjua .T 



oAAJe-11,1 ■ La « l^JI .T 



^Jlj-o -l>yi • * 



II .11 ,U;,^ 1 1 o 

4_]1 fl L-s , ,. \1 I 



-i^-j-a • 



;La aj i.r-ia .V 




( jj aj ) ^IjjJI LLai.Lb J^c ajjj ( <_J . \ Y . A ) J^iu 



.ur. 



e*wi 










fi?W» 



rWi 



. ^ <\AY * 4^}U1 J,^ .J * ^IjJtl l^-.nl^-.jo <^:>L^ 
• (Jl9* ' ^j^?^' ' r^-"-"*-^ 7-Llflil J_lC .J . Cm <i(7i J-ljl .A ' 4_l^3ljJjjJl ; i ( J| jjIjjJI CjLi^^^A 
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2. Fluid Power Theory and Applications, James A. Sullivan, 4 Ed. 1989 
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JL ^ QJ 



4-ajuUI 



\ 



Y <LaJ,<ta 

V dj| Ju>-jJ1 Jjjj>J 

£ A^LujLujZ] Cj\ Jl>-jJ1 

i <> S!i "■ 1. 1 Cj\ jl>-jJI 

£ ajJallj il-ii i^illj (jj^J' 

A oljLs^ii (^UJI alialJI CjIj_l** 

) \ «LaJ,rta 

U ajSL^I ciLl^JI 

w a ri^-tt i 

^ Y <^>^ u3^' 

^ Y (jr Cji]| ^j5tr»JI 

^r ^^ui J2i]| 

n **j>ui 

) A i^jjJLJI (JT JLi ajlj^JI is-jj j_uLj 

YY «Lj|j.g.U ^ujbj-uill (j^sl^isJI '£- (_pl J jLTo>I 

YY ^31 jJI jLl^VI <yi ijUVI 

Y*\ <LoJuLo 

Y1 , U; , M 1 



(Skim ^U^^^Jjjd^ld^'tfldlffi 




YV ^LJI ^SUI 4.,Ut.MI ^l^-tij 

YA Jai iJaJI (^JLc ) CiQitt 

Y Y (jj/LSi,! i La * i ta 1 1 j t jlLai, I i LaJt LgaJI 

Y£ ,U;,^tl (jj/LS 

I 1 <Jlll^ILa_5Jm 

Y1 _ ' ".' j" "J 

TV ^bLUIjl^UI 

YA jsui^l^ui 

YA ljr £=3JLi\2jujjjjuL i l\ .U;,^tl 

Y*\ 4_l»-jL». (^3^ £>£. r*^-^' tlaJLiaJI 

i * ^^jtjjjL-^JI ^j-ill JLaliJl 

£Y ,U;,^tl JL2IJI Ijujj 

££ *> _ ' ".' ** lf~^ -^J?J '- r *JJ^^ ( _ 3 -<-uLjjV| (jja^allll 

£V ^^-mIjjJl-ijJI (jmj^-i U J-*^. ijjJiiJj Jl^-i mL jj^JL^ 

£^ <UjLo^J_iJlj ^-l^DLjJjjjLjtjJl <J1iLJ^^3lX'j J_t^3l_L*Jl jj-aj 

OY l^-i nil^u jjJl^JI 4-cP'i J^*-' 

o£ \£L^ r\~,.„ jjju^il ^1 JiJljLro>VI ajU>I 

C\ 4_<sJl<Ls 

0<\ g\jl\ 1_jLluu| ^|jj| 

1- ^Ijil^j^ 

"I * ^jLj-uiJI (Jjm-a 

1Y ( AjjIj^Tu-uVI ) jlj-cTu-uVI 4-J-iL*.a 

II ^^UIJSL^JiaUa 

11 x_*JsjJI AJsLLa 

iv ,u;.mi 4^Uo 

1A i^=^JI aILLs 



(Skim ^U^^^Jjjd^ld^'tfldlffi 




V* ^^Jj-l iljljLA 

VY ^jjj-i 4jjL«jo (jyic '"*' ^j. "' 

V£ «jUI icj_^ (j-oLji 

Vo .>-* j0 L^JJ '~" ' 

VV (j"j<a i h'°)jjVI ) 4_&jA!l (jj/LxSjo 

V<\ L^wLbjjjjL^JI^-^jlJ jLsi.1 

A • I^^Lbj jdJl^JI 4- <Ji\ JJI jL^^' *jL».I 
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AT 4_aJuLs 

AT cdl^"OM J^L^j.Ui.MI^-iL^l 

Ao Tfe -^j-yj t*4ji 

A*l (_£Ji_j-a '^^->a 

^T j_u-ulji,l ( ( . -j'^—'j" ) Jj'^j" ,* -^. t-laJLLgaJI lLs^j-A 

a*\ ■»■ iJaJl (Jill ilLalLaj <— )l se-tiai,l 

<\ <\ * IjjJ I di!L^ 2_ Jai^aJl JejxA 

1 * * 4_>-j)jJ, I («=->■ J L lL> - I 

^ * * (jyj'>* ( lillui* ) i£j^A '4r '^»'^^ ^yl^aJI JuLiJl j^JlSj 

^ * ^ .U;,>>tl Ja^jjfe £_ (jr^ j'-P**' 

1 • Y ,U;,MI J^us> 2_ ^1 jj| jLl^VlijUl 

^ * 4_aJuLs 

\ '~\ ^j^-ijIjjjl^ji JjIj^uJI f-i^ji 

^ * V SjJlSJI (JJLi ^-JlJ-a '"'' iHalLa 

\ * A 4_j^3ljJjj Jl-uJ I *-J I jJ, I <J1) I ^j ilaJ 

^ * A 4j^— ijIjjJl^JI <Jl)jjjJI (j-alj^ 

^ ^ * A-i^dljJjjJLjuJI <JlljjjJ'j i>-jjJul 

MY 'Li^dljJjjJl.lJI <J1iUj^3lXI (_>iaJLjJ i>-jjjul <JllVL?taj ajlj^>Jl <JllL*-jJ 



(Skim ^U^^^Jjjd^ld^'tfldlffi 




^ ^ Y ^U^a-JjjJi-iJI (JlijjjJI jLjIoJ 

) IT A-L^ajJjjjLjtjJI <Jl)jjjJI 4-JjLLaj jjjj^" 

M £ 'Li^aLjJjjjLjtjJI <JlljjjJI 7t j '"'J-J 

^ W 4_aJuLs 

UV \ 6 ,rti\ ,^j cb^l SjUI ^VL 

MA tlaJLiaJlj a j I j^>J I ^jj Lj j s-WJl 

ua ^lliXI jlill 

\ \ \ in\u\.\ ijij^ii ^.jj j jikil ,u;,mi 

\ r • sji>*Ji ^jj <^j£ a I*- 4. <ymi jUi! 

1 r 1 , u; , m i ^^3 yu 4. <yini jUil 

1 YY p«J| ^^3 iJU ^_ ^JliJtl jlill 

\ YY iJL^VI 43jj^ 2_ fJW jLLJI ^ I j£^J 

^ Y*\ *1>T^ L)" 3 '..^ 

^ TO 4_aJuLs 

^ ro j**j| 2_ .u....^ Jaj;,^u ^ijyii 

^ YO , Uj « , ^ 1 1 ?l a«JI a! jJr" ( 11I <_j_o_lC 

\T\ , Uj « , >> 1 I s I 4J I \_(_tIar>o 

^ YV *-'_£i^' ' ^■1^""' 

1 y a ( a [s^Aji 1 ) j^yjii 1 

^ Y*\ ol3^' 3 *-*J^\ aJo-j 

U- J^lj-^l 

\ £Y tlaiLiaJI J<ir ajj-i 

U£ ^IjJt! 
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